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1 Introduction

1.1 Purpose

This document describes the design of the software for Release 3, Build 3 of the CHART system.
This build provides:

Traveler Information Messages, including Travel Times and Toll Rates. The system will
allow automatic display of DMS messages that include travel times and/or toll rates for
one or more destinations. Data for these messages will be supplied by CHART travel
routes, new for R3B3. Features to allow travel routes to be added, configured, viewed,
and removed are included in R3B3. The underlying travel time data for travel routes will
be obtained via an external connection to the INRIX system, while underlying toll rate
data for travel routes will be provided to CHART by the Vector system. R3B3 will
provide consistent formats for traveler information messages using system-wide message
templates.  Traveler information message templates can be configured by an
administrator to specify the layout of a message as well as the message content, including
data provided by CHART travel routes.

Device Locations. R3B3 adds location fields to CHART devices, including DMS, TSS
(Detectors), HAR, SHAZAM, and Cameras. In device lists, users can sort and filter on
location fields, making it easier to view devices by county, roadway, or even the order
they occur on the roadway (by mile marker). The addition of device locations in R3B3
also allows the system to show devices close to traffic events to aid in event response.

External Event Import Enhancements. New R3B3 features allow rules to be defined to
control which external events get imported from RITIS into CHART. These rules
contain various criteria that external events must meet for CHART to import them. Each
rule can also specify if external events meeting that rule should generate an External
Event Alert (new for R3B3). Likewise, rules can specify if external events that meet the
rule criteria should be automatically marked as “interesting” and be shown on the
CHART system home page. To support geographical criteria in these import rules,
capability to manage geographical area definitions is included in R3B3. These
geographical areas can be used in external event import rules and can also be used when
managing external DMS and TSS to be included in CHART (see below), and lay the
foundation for inclusion of Areas of Responsibility in a future release.

External DMS and TSS. R3B3 adds the ability to import DMS and TSS devices from
RITIS. The administrator can manage the potentially large list of external devices
available to pick and choose which devices will be included in CHART. Once included
in CHART, the status of external devices will be maintained in the CHART system,
allowing users to see current DMS messages and current TSS traffic parameters (volume,
speed, occupancy). These external devices will be included when showing users devices
close to traffic events.

Web Service to Provide CHART Data to External Systems. A new web service is
included in R3B3 to allow external systems such as RITIS to connect to CHART to
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retrieve information. This new service provides better security and data protection than
the existing CORBA based interface. It also provides better isolation of the CHART
system from external systems.

e Enhanced user rights for Traffic Events, Detectors, and Device Configuration data. New
user rights are included in R3B3 to allow better protection at viewing sensitive traffic
event data, such as the indication that a fatality is involved. New user rights for detectors
allow volume, speed, and occupancy (VSO) data to be better protected. Users can be
given the right to view detailed VSO data or summary VSO data (speed range) based on
the owning organization of each device. The user rights for device configuration data are
changed in R3B3 to make them consistent across device types and to ensure sensitive
settings are only shown to permitted users.

e TCP/IP Communications for DMS and TSS. The R3B3 system allows DMS and TSS
devices to be connected to CHART via TCP/IP communications. A new option is added
to the DMS and TSS configuration pages to allow this new communication option to be
used.

e NTCIP DMS Font Settings. New configuration settings for NTCIP DMSs are added in
R3B3 to allow the default font and line spacing to be set and will be used by CHART
each time a message is set. This works around a problem where the default font on
NTCIP DMSs gets reset when power is lost.

e Miscellaneous Enhancements. Several other enhancements are added to CHART in
R3B3:

o Show / Display Columns in Lists. When viewing a list of devices, traffic events,
or travel routes in the working window, the user can choose which columns to
show. Several new columns are being added to these lists, such as location fields,
and this new feature allows the user to keep their lists at a minimum width by
displaying only the columns in which they are interested.

o Show Devices Close to an Event. A new section is added to the traffic event
details page in R3B3 to show devices located within a specified radius of the
traffic event. The radius can be changed by the user per traffic event, and the user
can choose to add close DMSs and HARs directly to the event’s response plan.

o Lane Level Detector Data. A new feature in R3B3 allows users to view the
volume, speed, and occupancy data for each detection zone within a detector’s
zone groups. This data is also being made available to external systems such as
RITIS (with appropriate user rights).

o DMS Alerts and Notifications. New DMS configuration values in R3B3 allow
the device failure alert to be sent for DMS communications failures in addition to
hardware failures. Notifications can also be configured to be sent when a
hardware failure or communication failure is detected. These settings are
configured separately for each DMS.
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1.2 Objectives

The main objective of this detailed design document is to provide software developers with a
framework in which to implement the requirements identified in the CHART R3B3
Requirements document. A matrix mapping requirements to the design is presented in Section 6.

1.3 Scope

This design is limited to Release 3, Build 3 (R3B3) of the CHART System. It addresses both the
design of the server components of CHART and the Graphical User Interface (GUI) components
of CHART. Since the CHART GUI is browser based, the GUI refers to both the user interface
and the components actually executing on the web server. This design does not include designs
for components implemented in earlier releases of the CHART system.

1.4 Design Process

The design was created by capturing the requirements of the system in UML Use Case diagrams.
Class diagrams were generated showing the high level objects that address the Use Cases.
Sequence diagrams were generated to show how each piece of major functionality will be
achieved. This process was iterative in nature — the creation of sequence diagrams sometimes
caused re-engineering of the class diagrams, and vice versa.

1.5 Design Tools

The work products contained within this design will be extracted from the Tau Unified Modeling
Language (UML) Suite design tool. Within this tool, the design will be contained in the CHART
project, CHART R3B3, Analysis phase and System Design phase.

1.6 Work Products
The final R3B3 design consists of the following work products:
e Use Case diagrams that capture the requirements of the system

e UML Class diagrams, showing the software objects which allow the system to
accommodate the uses of the system described in the Use Case diagrams

e UML Sequence diagrams showing how the classes interact to accomplish major
functions of the system
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2 Architecture

The sections below discuss specific elements of the architecture and software components that
are created, changed, or used in R3B2.

2.1 Network/Hardware

CHART R3B3 will introduce several new interfaces for CHART — the INRIX system for travel
times, the Vector system for toll rates, and additional RITIS connections to import DMS and
TSS devices. Additionally, an export service is included to allow external systems to retrieve
data from the CHART system. CHART will connect to the INRIX system using its
HTTPS/XML interface. Vector will connect to the CHART system on an HTTPS/XML
interface hosted on the CHART system. The CHART system will also host an HTTPS/XML
interface for data export. The connections to RITIS to import DMS and TSS devices will use the
same type of connection that is used in R3B2 for importing traffic events from RITIS: a JMS
connection initiated from a CHART service.

2.2 Software

CHART uses the Common Object Request Broker Architecture (CORBA) as the base
architecture, with custom built software objects made available on the network to allow their
data to be accessed via well defined CORBA interfaces. Communications to remote devices use
the Field Management Server (FMS) architecture. This architecture will continue forward for
Release R3B3. There will be no major changes to the CHART software architecture
infrastructure.

2.2.1 COTS Products

CHART uses numerous COTS products for both run-time and development.

Product Name Description

Apache ActiveMQ CHART uses this to connect to RITIS JMS queues

Apache Jakarta Ant CHART uses Apache Jakarta Ant 1.6.5 to build
CHART applications and deployment jars.

Apache Tomcat CHART R3B3 will use Apache Tomcat 6.0.18 as the
GUI web server.

Attention! CC CHART uses Attention! CC Version 2.1 to provide
notification services.

Attention! CC API CHART uses Attention! CC API Version 2.1 to
interface with Attention! CC.

Attention! NS CHART uses Attention! NS Version 6.1 to provide
notification services.

Bison/Flex CHART uses Bison and Flex as part of the process of
compiling binary macro files used for performing
camera menu operations on Vicon Surveyor VFT
cameras.
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CoreTec Decoder Control CHART uses a CoreTec supplied decoder control API
for commanding CoreTec decoders.

Dialogic API CHART uses the Dialogic API for sending and
receiving Dual Tone Multi Frequency (DTMF) tones
for HAR communications.

Flex2 SDK The R3B3 CHART GUI will use the Flex2 SDK,
version 3.1 to provide the Flex compiler, the standard
Flex libraries, and examples for building Flex
applications.

GIF89 Encoder Utility classes that can create .gif files with optional
animation. This utility is used for the creation of DMS
True Display windows.

JDOM CHART uses JDOM b7 (beta-7) dated 2001-07-07.
JDOM provides a way to represent an XML document
for easy and efficient reading, manipulation, and
writing.

JacORB CHART uses a compiled, patched version of JacORB
2.2.4. The JacORB source code, including the patched
code, is kept in the CHART source repository.

Java Run-Time (JRE) CHART R3B3 will use 1.5.0_16.

JavaService CHART uses JavaService to install the server side Java
software components as Windows services.

JAXEN CHART uses JAXEN 1.0-beta-8 dated 2002-01-09.

The Jaxen project is a Java XPath Engine. Jaxen is a
universal object model walker, capable of evaluating
XPath expressions across multiple models.

JoeSNMP CHART uses JoeSNMP version 0.2.6 dated 2001-11-
11. JoeSNMP is a Java based implementation of the
SNMP protocol. CHART uses for commanding iMPath
MPEG-2 decoders and for communications with NTCIP
DMSs.

JSON-simple CHART uses the JSON-simple java library to
encode/decode strings that use JSON (JavaScript Object
Notation).

JTS CHART uses the Java Topology Suite (JTS) version
1.8.0 for geographical utility classes.

NSIS CHART uses the Nullsoft Scriptable Installation
System (NSIS), version 2.20, as the server side
installation package.

Nuance Text To Speech For text-to-speech (TTS) conversion CHART uses a
TTS engine that integrates with Microsoft Speech
Application Programming Interface (MSSAPI), version

CHART R3B3 Detailed Design 2-2 12/23/2008



5.1. CHART uses Nuance Vocalizer 4.0 with Nuance
SAPI 5.1 Integration for Nuance Vocalizer 4.0.

Oracle CHART uses Oracle 10.1.0.5 as its database and uses
the Oracle 10G JDBC libraries (ojdbc1.4.jar) for all
database transactions.

O’Reilly Servlet Provides classes that allow the CHART GUI to handle
file uploads via multi-part form submission.

Prototype Javascript The CHART GUI uses the Prototype Javascript library,

Library version 1.5.1, a cross-browser compatible Javascript
library provides many features (including easy Ajax
support).

SAXPath CHART uses SAXPath 1.0-beta-6 dated 2001-09-27.

SAXPath is an event-based API for XPath parsers, that
is, for parsers which parse XPath expressions.

Velocity Template Engine | Provides classes that CHART GUTI uses in order to
create dynamic web pages using velocity templates.
Vicon V1500 API CHART uses a Vicon supplied API for commanding
the ViconV1500 CPU to switch video on the Vicon
V1500 switch

2.2.2 Deployment /Interface Compatibility

2.2.2.1 External Interfaces

The diagram below presents an overall view of CHART within the context of other external
systems. The green boundaries represent devices that the CHART software communicates with
directly. The major external interfaces include:

1.

CHART Web Server — Receives information from the CHART system for publishing on the
Web. This information includes incident reports, lane closure data, speed sensor data, DMS
messages, and camera video. In the future (sometime after R3B3 is deployed), the CHART
Web Server will migrate to using the CHART HTTPS/XML external interface to obtain data
from the CHART system.

CHART Map — The CHART Web Event Listener is used to receive CORBA Events from
CHART relating to roadway conditions for display with the CHART Mapping application.
The data includes incident reports, lane closure data, DMS messages, and speed sensor data.
CHART also queries the mapping database to get counties, roads, and road intersection data.
In the future (sometime after R3B3 is deployed), the CHART Map will migrate to using the
CHART HTTPS/XML external interface to obtain data from the CHART system.

Emergency Operations Reporting System (EORS) — Legacy system providing information on
road closures and road status.

Media — Commercial and public broadcasters.

SCAN - SHA legacy system supplying weather sensor data.
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6. CHART Reporting Tool — Generates reports from data on CHART databases.

7. University of Maryland Center for Advanced Transportation Technology (CATT) Lab as
Regional Integrated Transportation Information System (RITIS) - Receives CORBA Events
from CHART and will migrate to use the CHART HTTPS/XML external interface for this
purpose in the future (sometime after R3B3 is deployed). Provides SAE J2354 standard
regional traffic events and TMDD standard DMS and TSS data via java messaging service
connections.

8. Notification Recipients — Receive notification from CHART about significant events via e-
mail or page/text.

9. INRIX — External system that provides travel time data to the CHART system. CHART
connects to INRIX via an HTTPS/XML interface.

10. Vector — External (MdTA) system that provides toll rate data to the CHART system. The
Vector system connects to CHART via an HTTPS/XML interface provided by CHART.
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For CHART R3B3, the following diagram describes how the new external interfaces will be deployed within
CHART.
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Outside firewall AN
IIS Server
Rﬂlé Apache Tomcat

% DataCacheServlet

J_—n_% ChartExportServlet

RITIS Service

k lIS/Tomcat pairs running on N
PRIMARY two seperate servers or two S % EventimportModule R3B2 ‘ Al modules are configured
IIS Server virtual servers. | to acquire data for

import from RITIS
=71 JMS and to translate
imported messages into
Chart..

D tModule R3B3 [

Apache Tomcat

TSSImportModule R3B3
5 o =T ==l |
—-L_ 1 ImportServlet DMSService

A N TSSService I N
4 SECONDARY The TravelTimelmportModule
. N N IIS Server is configured to agqu\re data for
Outside firewall { import from WebService
h - Traffi vice INRIX Import Service 1 provided by INRIX and translate
ache Tomcat [ INRIX messages to Chart Link
Apache Tomcat
\,:l:: TravelTimelmportModule Route Data.

:

T
TollRate TravelRouteService
ImportServiet

Similar to the ChartGUI.
TollRatelmportServiet provides web service to allow data providers (Vector) to
import toll rates into Chart. Toll rate data complying with the TollRates.xsd will be - Outside firewall. AN
converted to corba messages. It interacts with Link/Route centric corba interface(s). INRIX
WebServi
DataCacheServlet will provide ObjectCache that will be used by the export functionality resenice
provided by the ChartExportServlet.

ChartExportServiet has logic to interact with the ObjectCache to build responses for
exporting Traffic Event, DMS, TSS, HAR, SHAZAM data.

Authentication will be handled consistently among servlets whether they are import or
export oriented.

Figure 2-2 CHART R3B3 External Interface Deployment

2.2.2.2 Internal Interfaces

The architecture for the CHART system distributes complete system functionality to a number of
districts throughout the State of Maryland. Each of these complete systems can provide full
functionality for the devices connected to the system and objects created within that system (such
as traffic events), and provides functionality for other district's systems that are available. Thus
the absence of one district's server does not affect the ability of another district to use their own
system or other systems that are available. Although the server deployment is spread across
multiple sites, the user sees one large system, as CORBA is used to pull together objects served
from the many deployment sites.

The CHART GUI is able to locate the software objects at all deployment sites through the use of
the CORBA Trading Service. A CORBA Trading Service runs at each deployment site. Each
CHART service that publishes CORBA objects offers the objects through its local CORBA
Trading Service. The GUI provides a unified view of the system, even though the system is
actually distributed over multiple deployment sites.

In addition to showing the software objects throughout the system on a single interface, it is also
necessary to reflect the current state of the software objects as they are changed during real time
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operations. The CORBA Event Service is used to allow objects to push changes in their state to
the GUI, other back end CHART services, the CHART Event Listener, or any other interested
CORBA clients. Each deployment site has an instance of a CORBA Event Channel Factory,
which is an extension of the CORBA Event Service that allows multiple event channels. Each
CHART service whose objects are subject to real time changes will create one or more Event
Channels in its local Event Channel Factory. Each event channel is earmarked for a specific
class of events (such as DMS events). Each service that creates channels in the CORBA Event
Channel Factory publishes the event channel in the CORBA Trading Service and then uses the
channel to push events relating to object state, configuration updates, etc.

An interface that wishes to listen for events at a system wide level discovers all of the event
channels via the CORBA Trading Service and registers itself as a consumer on each of the event
channels. Using this scheme, an interface uses the Trading Service to discover all software
objects and Event Channels regardless of their deployment site. The interface may then provide
the user with a unified view of the system, both in the objects presented and the ability to show
near real time updates of these objects. Since the nature of the system is dynamic, processes
periodically rediscover new objects and event channels from known districts via the Trading
Service.

Most CHART background services which communicate with physical devices deployed along
Maryland highways do so via FMS servers. One or more CHART Communications Services run
on each FMS in the system. The CHART background services requiring FMS services for this
purpose are the DMS Service, HAR Service (which also serves SHAZAMs), and the TSS
Service. The communications between these three services and the Communications Services
are IIOP, over TCP/IP. Communications from the Communications Services out to the physical
devices are accomplished by telephone (via either POTS or ISDN modems, or via Telephony
DTMF communications) or by direct serial connection. Telephone service is usually provided
via landline, although cellular service occasionally needs to be utilized.

CHART background services that communicate with physical DMS and TSS devices also allow
direct TCP/IP communications if supported by the devices. FMS servers and CHART
Communications Services are not used by these background services to communicate with
devices configured for this type of communication.

The remaining CHART background service controlling physical field devices is the Video
Service. Video communication is accomplished via TCP/IP. Communication to CoreTec
decoders is accomplished via proprietary CoreTec protocol over TCP/IP. Communication to
iMPath decoders is accomplished via SNMP over TCP/IP, with published MIBs. CHART does
not directly command either the iMPath or the CoreTec encoders; they are used only as a pass-
through to pass camera control commands and responses to/from the attached cameras.
CHART’s communication with the encoders, then, is via TCP/IP with no proprietary protocol
involved. Communications to the Vicon V1500 NTSC video switch is accomplished via a
proprietary Vicon protocol over TCP/IP. Once video connections are thus established, video
flows directly from encoder to decoder via MPEG2 or MPEG4 over TCP/IP, and/or through a
V1500 analog video switch.
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The following deployment diagrams show the deployment of CHART at a single district within
the larger CHART system. The diagrams depict the various computers that are deployed at the
site. Each computer shows the processes that are installed and running on it. The lines between
the computers show the protocols that are used for communication between the various processes
involved. The GUI deployment diagram shows that the web browser (Internet Explorer) on the
operator workstation can send requests to the GUI web server machine using the standard HTTP
or HTTPS protocols. These requests are handled by the Microsoft IIS web server process which
uses the requested URL to determine that the request is intended for the CHART GUI servlet
application. IIS forwards requests for CHART to the installed Apache Tomcat application which
passes the request to the CHART GUI Servlet for processing. This servlet communicates with
the processes on the CHART Server machine via the standard CORBA IIOP protocol which
utilizes the TCP/IP protocol. Additionally this servlet communicates with the CHART Database
server via the JDBC API which utilizes the TCP/IP protocol.

Operator Workstation GUI Web Sever

- -
o
g
| Intemet E xplorer —rrrPs— Mersoft IS L
fe—+mPs sma—|
Java5Plug In
HTTP S Xi—] CHART Appll S

Audio Recording Applet iafion Server
le—tTPsusON—]

‘Adabe Flash Players cho Tomoat o onver

CHARTGUISenls

PPPPPP

Figure 2-3 CHART Internal Interfaces (GUI Deployment)

The server deployment diagram shows the services running on the CHART application server in
more detail. New for R3B3 are the Travel Route Service, the INRIX import service, and an
IIS/Tomcat instance used to allow Vector to supply toll rate data and to allow CHART to provide
its data to external systems. The CHART application server uses the standard CORBA IIOP
protocol to communicate to the GUI web server to handle user requests and to update system
state, and to the field management (FMS) server to communicate to DMS, HAR, SHAZAM, and
TSS field devices. It also uses TCP/IP to control camera and monitor video devices and certain
DMS and TSS devices. Finally, the CHART application server communicates with the CHART
Mapping database to obtain roadway location information via the JDBC API which utilizes the
TCP/IP protocol.
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Figure 2-4 CHART Internal Interfaces (Server Deployment)

2.3 Security

The CHART System itself runs entirely behind the MDOT firewall. CHART R3B3 requires a
new interface to the INRIX system which resides on the Internet. CHART connects to INRIX
via HTTPS. This connection requires an outbound connection through the MDOT firewall to
port 443 of the INRIX server. This is permitted because the connection is initiated from within
the MDOT network.

CHART R3B3 introduces two new connections to the RITIS system developed by the University
of Maryland, making a total of 3 (one connection already exists as of R3B2). These connections
require the opening of a few specific ports in the MDOT firewall. This is permitted because the
connection is initiated from within the MDOT network.
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Since the CHART System runs entirely behind the MDOT firewall, user access to the CHART
system via the GUI from the outside world must be specifically enabled for users to connect
from specific external locations. Control of video cameras is ostensibly limited to users which
can see camera images on a local monitor, which are limited in number and restricted to
controlled locations within designated facilities.

The CHART browser interface can be configured to run with HTTP or HTTPS (Secure HTTP).
The fielded production system is always configured to run with HTTPS. HTTPS provides an
additional SSL or TLS encryption/authentication layer between HTTP and TCP, which protects
data in transit between the client machine web browser and the web server machine.
Additionally, the system runs with Microsoft’s Internet Information Services (IIS).

All users connecting to CHART are required to provide a user name and password before any
CHART information is provided or any actions can be attempted. Invalid login attempts are
logged to the CHART Operations Log (database table), a permanently archived log of system
activity. Users with appropriate rights can see all users logged into the system and can force
users off the system at any time, directly from the CHART GUIL Before editing the CHART
dictionary, a particularly sensitive area, a logged on user is reauthenticated on the spot by
requiring the user to provide a user name and password again.

When a legitimate CHART user logs in, he or she is granted certain functional rights, based on
the user ID. These rights typically include, for instance, the ability to create, edit and close
traffic events and create and execute response plan items in response to traffic events. Other
rights allow direct interaction with CHART devices, such as the ability to put them offline,
online, or into maintenance mode, and to issue maintenance mode commands. Video rights are
very granular, so camera control rights can be issued with a very fine grain. Users cannot
perform actions for which they do not have rights. Typically rather than graying out buttons,
prohibited actions do not even appear on the user’s browser, so in most cases users may not even
know what they are missing. There is a special “view-only” user configured which can see
CHART status within the system but cannot perform any actions which would change system
status in any way.

Rights can be assigned to users on an organization-by-organization level. For instance, a user
may be able to issue maintenance commands on one organization’s DMSs, but not others. The
rights are stored in an opaque access control token obtained during the login transaction. Users
cannot see or modify this token, and generally are not aware of its existence. It is held by the
web service on behalf of the user and is passed from the web service to the background services
on all but the most benign service requests.

CHART R3B3 introduces a web service that allows the MATA Vector system to provide toll rate
data to the CHART system. This data will be provided over HTTPS on a non-standard port (not
443). A second web service introduced in R3B3 allows external systems (such as RITIS) to
obtain data from CHART. This will eventually eliminate the need for CHART to allow external
systems to connect via its CORBA interfaces, although access to the CORBA interfaces will still
be required until existing external consumers of CHART data are updated to use the new
HTTPS/XML interface. These new web services will require the opening of a specific port in

CHART R3B3 Detailed Design 2-10 12/23/2008



the MDOT firewall. This is permitted because these services use a non-standard port for
HTTPS.

All external systems that connect to a CHART HTTPS/XML web service (Vector, to supply toll
rate data, and others to obtain data from CHART) will be assigned a unique client ID and must
be pre-configured in the CHART system by an Administrator to allow access. A public/private
key pair will be generated by the Administrator for each external system, with the public key
being stored in the CHART system, and the private key being provided to the external system
owner for their use when connecting to the CHART system. Each request received by an
external system will include the external system client ID and a digital signature created with
their private key. CHART will validate all requests using the client’s public key to ensure the
request is from a trusted source. The Vector system provides data to CHART and does not
request data from CHART, and for this reason the signature validation is all that is required
before CHART accepts toll rate data from Vector. For external systems retrieving data from
CHART via the HTTPS/XML interface, each external system client ID will also be pre-
configured in CHART by an Administrator to assign one or more CHART user roles. The
CHART user roles and the functional rights contained in each role will be used by CHART to
determine the data an external client is permitted to retrieve from CHART, and in some cases the
detail of the data retrieved. (For example for some detectors an external system may be provided
actual speeds, others a speed range, and yet others no speed data, depending on the organization
that owns the detector and the functional rights assigned to the client’s role(s)).

2.4 Data

CHART R3B3 will be tested with the Oracle database patches that are available and will be
deployed in the field at the time of CHART R3B3 deployment. The database patches may
possibly be applied in the field before CHART R3B3 deployment.

2.4.1 Data Storage

The CHART System stores most of its data in an Oracle database. However, some data is stored
in flat files on the CHART servers. This section describes both types of data.
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2.4.1.1 Database
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2.4.1.1.2 Logical Design

2.4.1.1.2.1 Entity Relationship Diagram (ERD)
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2.4.1.1.2.2 Function to Entity Matrix Report

- Create, Retrieve, Update, Delete (CRUD) matrix cross-references business functions to entities
and shows the use of the entities by those functions. This report will be generated as part of the
CHART O&M Guide.

2.4.1.1.2.3 Table Definition Report —
2.4.1.1.2.3.1 New Tables for TravelRouteModule in CHART R3B3 Live database

ROADWAY_LINK

LINK_ID char (32) NOT NULL
EXT_SYS_NAME varchar2 (10) NOT NULL
EXT_LINK_ID varchar2 (9) NOT NULL
LINK_NAME varchar2 (50)
USPS_STATE_CODE char (2)

STATE_FIPS_CODE char (2)

COUNTY_NAME varchar2 (50)
COUNTY_FIPS_CODE varchar2(3)
ROUTE_SPEC_TYPE number (1)
ROUTE_FREE_FORM_TEXT varchar2 (50)

ROUTE_TYPE number (1)

ROUTE_PREFIX varchar2(10)
ROUTE_NUMBER varchar2(10)
ROUTE_SUFFIX varchar2(10)

MILLI_MILES number (5)

START_LAT_UDEG number (9)
START_LONG_UDEG number (10)

END_LAT_UDEG number (9)

END_LONG_UDEG number (10)
LINK_TRAVEL_TIME

RL_LINK_ID char (32) NOT NULL
LINK_TRAVEL_TIME_EFF_TIME date NOT NULL
LINK_TRAVEL_TIME_SECS number (5) NOT NULL
LINK_TRAVEL_TIME_QUAL number (1) NOT NULL
LINK_TRAVEL_TIME_TREND number (1) NOT NULL
TRAVEL_ROUTE

TRAVEL_ROUTE_ID char (32) NOT NULL
NAME varchar2 (50) NOT NULL
MILLI_MILES number (6)
USER_LOCATION_INDICATOR number (1) NOT NULL
PRIMARY_DEST_TEXT varchar2 (30)
TRAVEL_TIME_ENABLED_INDICATOR number (1) NOT NULL
MIN_TRAVEL_TIME_MINS number (3)
MAX_TRAVEL_TIME_MINS number (3)
ALERT_TRAVEL_TIME_MINS number (3)
ALERTS_ENABLED_ INDICATOR number (1) NOT NULL
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ALERT_OP_CENTER
NOTIFS_ENABLED_INDICATOR
NOTIF_GROUP
TOLL_RATE_EXT_SYS_NAME
TOLL_RATE_EXT_START_ID
TOLL_RATE_EXT_END_ID
TOLL_RATE_EXT_DESC
TOLL_RATE_ENABLED_INDICATOR

TRAVEL_ROUTE_STATE

TR_ID
SORT_ORDER_NUMBER
USPS_STATE_CODE
STATE_FIPS_CODE

TRAVEL_ROUTE_COUNTY

TR_ID
SORT_ORDER_NUMBER
COUNTY_NAME
COUNTY_FIPS_CODE

TRAVEL_ROUTE_ROUTE_SPEC

TR_ID
SORT_ORDER_NUMBER
ROUTE_SPEC_TYPE
ROUTE_FREE_FORM_TEXT
ROUTE_TYPE
ROUTE_PREFIX
ROUTE_NUMBER
ROUTE_SUFFIX

TRAVEL_ROUTE_DEST

TR_ID
SORT_ORDER_NUMBER
ALT_DEST_TEXT

TRAVEL_ROUTE_CONSUMER

TR_ID
SORT_ORDER_NUMBER
CONSUMER_1ID

TRAVEL_ROUTE_LINK

TR_ID
SORT_ORDER_NUMBER
RL_ID

char (32)
number (1)

varchar2(33)
varchar2 (35)
varchar2(10)
varchar2(10)
varchar2(25)
number (1)

char (32)
number (2)
char (2)
char (2)

char (32)
number (2)
varchar2 (50)
char (3)

char (32)
number (2)
number (1)
varchar?2 (50)
number (1)
varchar2 (10)
varchar2 (10)
varchar2 (10)

char (32)
number (1)
varchar2 (30)

char (32)
number (2)
char (32)

char (32)
number (4)
char (32)

NOT

NOT

NOT
NOT

NOT
NOT

not
NOT

not
NOT

not
NOT

not
NOT
NOT

NULL

NULL

NULL
NULL

NULL
NULL

null
NULL

null
NULL

null
NULL

null
NULL
NULL
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PERCENT
MIN_ALLOWED_QUALITY

ROUTE_TOLL_RATE

TR_ID
TOLL_RATE_EFF_TIME
TOLL_RATE_EXP_TIME
TOLL_RATE_CENTS

ROUTE_TRAVEL_TIME

TR_ID
ROUTE_TRAVEL_TIME_EFF_TIME
ROUTE_TRAVEL_TIME_SECS
ROUTE_TRAVEL_TIME_QUAL
ROUTE_TRAVEL_TIME_TREND

ROUTE_TRAVEL_TIME_TEXT

TR_ID
ROUTE_TRAVEL_TIME_EFF_TIME
ROUTE_TRAVEL_TIME_CALC
ROUTE_TRAVEL_TIME_REASON_CODE

RAW_LINK_DATA

SYSTEM_TIMESTAMP
EXT_SYS_NAME

EXT_LINK_ID
LINK_TRAVEL_TIME_EFF_TIME
LINK_TRAVEL_TIME_SECS
LINK_TRAVEL_TIME_QUAL

RAW_TOLL_DATA

SYSTEM_TIMESTAMP
EXT_SYS_NAME
EXT_SYS_START_ID
EXT_SYS_END_TID
TOLL_RATE_EFF_TIME
TOLL_RATE_EXP_TIME
TOLL_RATE_CENTS

Device_location

DEVICE_TID
LOCATION_TEXT
LOCATION_DESC_OVERRIDDEN

number (3)
number (3)

char (32)
date
date
number (5)

CHAR (32)
DATE

NUMBER (5)
NUMBER (1)
NUMBER (1)

CHAR (32)

DATE

VARCHAR2 (1000)
NUMBER (2)

DATE
VARCHARZ2 (35)
CHAR (8)

DATE

NUMBER (5)
NUMBER (1)

DATE
VARCHAR2 (35)
CHAR (32)
CHAR (32)
DATE

DATE

NUMBER (5)

VARCHAR2 (32)
VARCHAR2 (1024)
NUMBER (1)

NOT
NOT

NOT
NOT

NOT

NOT
NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT
NOT

NOT

NOT

NULL
NULL

NULL
NULL

NULL

NULL
NULL
NULL
NULL
NULL

NULL
NULL
NULL
NULL

NULL
NULL
NULL
NULL
NULL
NULL

NULL
NULL
NULL
NULL
NULL

NULL

2.4.1.1.2.3.2 New Tables for External DMS in CHART R3B3 Live database
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COUNTY_NAME
COUNTY_FIPS_CODE
COUNTY_CODE
USPS_STATE_CODE
STATE_FULL_NAME
STATE_FIPS_CODE
REGION_NAME
ROUTE_SPEC_TYPE
ROUTE_FREE_FORM_TEXT
ROUTE_TYPE

ROUTE_PREFIX
ROUTE_NUMBER
ROUTE_SUFFIX
INT_FEAT_TYPE
INT_FEAT_PROX_TYPE
INT_FEAT_PROX_DIST
ROAD_NAME
INT_ROUTE_SPEC_TYPE
INT_ROUTE_FREE_FORM_TEXT
INT_ROUTE_TYPE
INT_ROAD_NAME
INT_ROUTE_PREFIX
INT_ROUTE_NUMBER
INT_ROUTE_SUFFIX
INT_FEAT_MILEPOST_TYPE
INT_FEAT_MILLI_MILEPOST_DATA
ROADWAY_LOC_ALIAS_PUB_NAME
ROADWAY_LOC_ALIAS_INT_NAME
LATITUDE_UDEG
LONGITUDE_UDEG
GEOLOC_SOURCE_TYPE
GEOLOC_SOURCE_DESC
SHOW_ROUTE_NAME
SHOW_INT_ROUTE_NAME
DIRECTION_CODE
DEVICE_TYPE

DMS_TRAV_TIME_SCHEDULE

DMS_DEVICE_ID
START_HOUR
START_MIN
END_HOUR
END_MIN

DMS_TRAV_ROUTE_MSG

DMS_DEVICE_ID

MSG_ID

TEMPLATE_ID
AUTO_ROW_POSITIONING_INDICATOR

VARCHARZ2 (50)
CHAR (3)
NUMBER (3)
CHAR (2)
VARCHARZ2 (32)
CHAR (2)
VARCHARZ2 (32)
NUMBER (
VARCHAR2
NUMBER (
VARCHAR2
VARCHAR2
VARCHAR2
NUMBER (
NUMBER (
NUMBER (
VARCHAR2
NUMBER (
VARCHAR2
NUMBER (
VARCHAR2

1)
(40)
1)
(
(
(
1)
2)
6)
(
1)
(
1)
(
VARCHAR2 (
(
(
1)
6)
(3
(3
8)
9)
2)
(
1)
1)
3)
(

10)
10)
10)

50)
40)

50)

10)
VARCHARZ2 (10
VARCHARZ (4)
NUMBER (
NUMBER (
VARCHAR2
VARCHAR2
NUMBER (
NUMBER (
NUMBER (
VARCHAR2
NUMBER (
NUMBER (
NUMBER (
VARCHAR2

)

2)
2)

35)

10)

CHAR (3

NUMBER
NUMBER
NUMBER

2)
2
2
2
NUMBER (2

(2)
(2)
(2)
(2)

CHAR (
CHAR (
CHAR (
NUMBER

w w w
— NN N
2 — — —

)

NOT
NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT

NULL
NULL
NULL
NULL
NULL

NULL
NULL
NULL
NULL
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DMS_TRAV_ROUTE_MSG_ROUTE

DTRM_MSG_ID CHAR(32) NOT NULL
TRAVEL_ROUTE_ID CHAR(32) NOT NULL
DMS_RELATED_ROUTE

DMS_DEVICE_ID CHAR (32) NOT NULL
TRAVEL_ROUTE_ID CHAR (32) NOT NULL
GEO_AREA

GEO_AREA_ID CHAR(32) NOT NULL
NAME VARCHAR2 (15) NOT NULL
DESCRIPTION VARCHAR2 (60) NOT NULL
GEO_AREA_POINT

GA_GEO_AREA_ID CHAR (32) NOT NULL
SORT_ORDER_NUMBER NUMBER (5) NOT NULL
LATITUDE_UDEG NUMBER (8) NOT NULL
LONGITUDE_UDEG NUMBER (9) NOT NULL
EXTERNAL_OBJECT_EXCLUSION

EXCLUSION_ID CHAR(32) NOT NULL
EXTERNAL_OBJECT_ID VARCHAR2 (35) NOT NULL
EXTERNAL_OBJECT_TYPE NUMBER (3) NOT NULL
EXTERNAL_SYSTEM VARCHAR2 (35) NOT NULL
EXTERNAL_AGENCY VARCHAR2 (35) NOT NULL
EXTERNAL_EVENT_FILTER

RULE_ID CHAR (32) NOT NULL
RULE VARCHAR2 (2048) NOT NULL

2.4.1.1.2.3.3 Tables Modified for External DMS in CHART R3B3 Live database

DMS table
Existing / Deleted (“ (-) ) columns

DEVICE_ID
DMS_MODEL_TID
ORG_ORGANIZATION_ID
DB_CODE

DEVICE_NAME

NOT NULL CHAR(32)

NOT NULL NUMBER(D5)

NOT NULL CHAR(32)
VARCHARZ2 (1)

NOT NULL VARCHARZ2 (15)
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(-) DEVICE_LOCATION
HAR_DEVICE_ID
COMM_LOSS_TIMEOUT
DEFAULT_JUSTIFICATION_LINE
DEFAULT_PAGE_OFF_TIME
DEFAULT_PAGE_ON_TIME
DROP_ADDRESS
INITIAL_RESPONSE_TIMEOUT
BEACON_TYPE

SIGN_TYPE
DEFAULT_PHONE_NUMBER

(-) DMS_DIRECTIONAL_CODE
POLL_INTERVAL
POLLING_ENABLED

PORT_TYPE
PORT_MANAGER_TIMEOUT
BAUD_RATE

DATA_BITS

FLOW_CONTROL

PARITY

STOP_BITS
ENABLE_DEVICE_LOG
VMS_CHARACTER_HEIGHT_PIXELS
VMS_CHARACTER_WIDTH_PIXELS
VMS_MAX_PAGES
VMS_SIGN_HEIGHT_PIXELS
VMS_SIGN_WIDTH_PIXELS
CREATED_TIMESTAMP
UPDATED_TIMESTAMP
SHAZAM_BEACON_STATE
SHAZAM_IS_MESSAGE_TEXT_MULTI
DMS__SHAZAM_MSG

VARCHARZ2 (1024)
COMMUNITY_STRING
CEN_ALERT_CENTER_ID

New (“+”) columns
+TRAVEL_TIME_QUEUE_LEVEL

+TOLL_RATE_QUEUE_LEVEL
+OVERRIDE_SCHEDULE_INDICATOR

+ENABLED_SPECIFIC_TIMES_INDICATOR NUMBER

+EXTERNAL_SYSTEM
+EXTERNAL_AGENCY
+EXTERNAL_OBJECT_ID
+EXTERNAL_OBJECT_INDICATOR
+TCP_HOST

+TCP_PORT
+DEFAULT_FONT_NUMBER
+DEFAULT_LINE_SPACING

TSS

NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

NOT
NOT

NUMBER (5)
NUMBER (5)
NUMBER (2)
(2)
VARCHAR2 (35)
VARCHAR2 (35)
VARCHAR2 (35)
NUMBER (1)
VARCHAR2 (
NUMBER (5)
NUMBER (2)
(1)

NUMBER

30)

NULL

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL

NULL
NULL

NOT
NOT
NOT
NOT

NOT

VARCHARZ2 (60)

CHAR (32)

NUMBER (10)
NUMBER (3
NUMBER (3
NUMBER (
NUMBER (
NUMBER (
NUMBER (
NUMBER (
VARCHAR
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
NUMBER
DATE

DATE

NUMBER (1)
NUMBER (1)

)

)

)
3)
5)
10
3)
3)
2 (
3)
5)
1)
1)
10)
6)
1)
1)
1)
1)
1)
3)
3)
3)
5)
5)

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

VARCHARZ2 (16)

CHAR (32)

NULL
NULL
NULL
NULL

NULL
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Existing / Deleted (“ (-) ”’) columns

DEVICE_TID
TSS_MODEL_TID
ORG_ORGANIZATION_ID
DB_CODE

DEVICE_NAME

(=) DEVICE_LOCATION
VARCHAR2 (60)
DROP_ADDRESS
INITIAL_RESPONSE_TIMEOUT
DEFAULT_PHONE_NUMBER
POLL_INTERVAL_SECS
PORT_TYPE
PORT_MANAGER_TIMEOUT
BAUD_RATE

DATA_BITS
FLOW_CONTROL

PARITY

STOP_BITS
ENABLE_DEVICE_LOG
CREATED_TIMESTAMP
UPDATED_TIMESTAMP
CEN_ALERT_CENTER_ID

New (“+”) columns

+EXTERNAL_SYSTEM
+EXTERNAL_AGENCY
+EXTERNAL_OBJECT_ID
+EXTERNAL_OBJECT_INDICATOR
+TCP_HOST

+TCP_PORT

SHAZAM

Existing / Deleted (“ (-) ) columns

DEVICE_TID

SHAZAM MODEL_ID
ORG_ORGANIZATION_ID
DB_CODE

DEVICE_NAME

(=) DEVICE_LOCATION
VARCHAR2 (60)
HAR_DEVICE_ID
SHAZAM_ACCESS_PIN
DEFAULT_PHONE_NUMBER
(=) SHAZAM DIRECTIONAL_CODE
NUMBER (3)
REFRESH_INTERVAL

NOT
NOT
NOT

NOT

NOT
NOT

NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT
NOT

VARCHARZ2 (35)
VARCHARZ2 (35)
VARCHARZ2 (35)
NUMBER (1)
VARCHARZ2 (30)
NUMBER (5)

NOT
NOT
NOT

NOT

NOT

NULL VARCHAR2 (32)
NULL NUMBER(5)
NULL CHAR(32)

VARCHAR2 (1)
NULL VARCHAR2 (15)
NOT NULL

NULL NUMBER(5)
NULL NUMBER(10)
VARCHAR2 (25)
NULL NUMBER(5)
NULL NUMBER(1)
NULL NUMBER(10)
NULL NUMBER(6)
NULL NUMBER
NULL NUMBER
NULL NUMBER
NULL NUMBER
NULL NUMBER
DATE
DATE
CHAR (32)

o~~~ o~ o~~~ —~

6
1)
1)
1)
1)
1)

NOT NULL

NULL CHAR(32)
NULL NUMBER(5)
NULL CHAR(32)

VARCHAR2 (1)
NULL VARCHAR2 (15)
NOT NULL

CHAR (32)

VARCHAR2 (3)
NULL VARCHAR2 (25)

NUMBER (5)
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REFRESH_ENABLED
PORT_TYPE
PORT_MANAGER_TIMEOUT
CREATED_TIMESTAMP
UPDATED_TIMESTAMP
MESSAGE

VARCHARZ2 (256)

HAR

Existing / Deleted (“ (-) ”’) columns

DEVICE_ID

HAR_MODEL_ID
ORG_ORGANIZATION_ID
DB_CODE

DEVICE_NAME

(-) DEVICE_LOCATION
VARCHARZ2 (60)
HAR_ACCESS_PIN
DEFAULT_PHONE_NUMBER
DEFAULT_MONITOR_PHONE_NUMBER
MAX_TIME

PORT_TYPE
PORT_MANAGER_TIMEOUT
MONITOR_PORT_TYPE
MONITOR_PORT_MANAGER_TIMEOUT
DEFAULT_HEADER_CLIP_PK
DEFAULT_BODY_CLIP_PK
DEFAULT_TRAILER_CLIP_PK
CREATED_TIMESTAMP
UPDATED_TIMESTAMP
ENABLE_DEVICE_LOG
MASTER_HAR_ID

CAMERA

Existing / Deleted (“ (-) ”’) columns

DEVICE_ID
CAMERA_MODEL_TID
ORG_ORGANIZATION_ID
DEVICE_NAME
LOCATION_PROFILE_TYPE
LOCATION_PROFILE_ID
TMDD_CCTV_IMAGE
CAMERA_NUMBER
CAMERA_CONTROLLABLE
TMDD_CONTROL_TYPE
TMDD_REQUEST_COMMAND_TYPES
ENABLE_DEVICE_LOG
VIDEO_CONNECTION_ID

NOT NULL NUMBER(1)
NOT NULL NUMBER(1)
NOT NULL NUMBER(10)

NOT
NOT
NOT

NOT

NOT
NOT

NOT
NOT

NOT
NOT
NOT

NOT
NOT

NOT
NOT
NOT
NOT

NOT

NOT
NOT
NOT

NULL
NULL
NULL

NULL

DATE
DATE

CHAR (32)
NUMBER (5)
CHAR (32)
VARCHARZ2 (1)
VARCHARZ2 (15)

NOT NULL

NULL
NULL

NULL
NULL

NULL
NULL
NULL

NULL
NULL

NULL
NULL
NULL
NULL

NULL

NULL
NULL
NULL

VARCHAR2
VARCHAR2
VARCHAR2
NUMBER (
NUMBER (1
NUMBER (10)
NUMBER (1
NUMBER (1
NUMBER (2
NUMBER (2
NUMBER (2
DATE
DATE
NUMBER (1)
CHAR (32)

(
(
(
5)
)
0
)
0
0
0
0

)
)
)
)

CHAR (32)
NUMBER (3)
CHAR (32)
VARCHARZ2 (50)
NUMBER (3)
CHAR (32)
NUMBER (2
NUMBER (
NUMBER (
NUMBER (
NUMBER (
NUMBER (
CHAR (32

—_— — — — — ~—

5
1
2
5
1
)
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VIDEO_CONNECTION_TYPE
NO_VIDEO_AVAIL_INDICATOR

(-) DEVICE_LOCATION_DESC
TMDD_DEVICE_NAME
POLL_INTERVAL_CONTROLLED_SECS
POLLING_ENABLED_UNCONTROLLED
DEFAULT_CAMERA_TITLE
DEFAULT_CAMERA_TITLE_LINEZ2
CONTROL_CONNECTION_TYPE
CONTROL_CONNECTION_ID
POLL_INTERVAL_UNCTRLD_SECS
DB_CODE

CREATED_TIMESTAMP
UPDATED_TIMESTAMP
DSP_STATUS_ENABLED
DSP_STATUS_LENGTH

2.4.1.1.2.3.4 New Tables for Travel Route Message Templates

DMS_TRAVEL_ROUTE_MSG_TEMPLATE (Replicated)

MESSAGE_TEMPLATE_TID
TEMPLATE_DESCRIPTION
NUMBER_ROWS
NUMBER__COLUMNS
NUMBER_PAGES
TEMPLATE_MESSAGE
DESTINATION_ALIGNMENT
MISSING_DATA_OPTION

MSG_FORMATS_TOLL_RATE_TIME (Replicated)

MESSAGE_FORMAT_ID (KEY)
MESSAGE_TEMPLATE_TID
NAME

FORMAT

EXAMPLE
FORMAT_LENGTH
HOUR_START_INDEX
HOUR_END_INDEX
MINUTES_START_INDEX
MINUTES_END_INDEX
AM_PM_START_INDEX
AM_PM END_INDEX

MSG_FORMATS_TRAVEL_TIME (Replicated)

MESSAGE_FORMAT_ID (KEY)
MESSAGE_TEMPLATE_TID
NAME

FORMAT

EXAMPLE

FORMAT_LENGTH

NOT NULL NUMBER(2)
NOT NULL NUMBER(1)

VARCHARZ2 (50)
VARCHARZ2 (50)
NUMBER (5)
NUMBER (1)
VARCHARZ2 (24)
VARCHARZ2 (24)
NUMBER (1)
CHAR (32)
NUMBER (4)
VARCHARZ2 (1)
DATE
DATE
NUMBER (1)
NUMBER (5)

CHAR (32)

VARCHAR2 (50)

NUMBER (1)

NUMBER (1)

NUMBER (1)

VARCHAR2 (1024)

NUMBER (1)

NUMBER (1)

CHAR (32)

CHAR( 2) NULLABLE

VARCHAR (50)

VARCHARZ2 (22)

VARCHARZ2 (22)

NUMBER (2)

NUMBER (2)

NUMBER (2)

NUMBER (2)

NUMBER (2)

NUMBER (2)

NUMBER (2)

CHAR (32)

CHAR( 2) NULLABLE

VARCHAR (50)

VARCHARZ2 (22)

VARCHARZ2 (22)

NUMBER (2)
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HOUR_START_INDEX NUMBER (2)
HOUR_END_INDEX NUMBER (2)
SUPPRESS_HRS_LEAD_ZEROS NUMBER (1)
MINUTES_START_INDEX NUMBER (2)
MINUTES_END_INDEX NUMBER (2)
SUPPRESS_MIN_LEAD_ZEROS NUMBER (1)
START_HR_LITERAL_INDEX NUMBER (2)
END_HR_LITERAL_TINDEX NUMBER (2)
SUPPRESS_HR_LITERAL NUMBER (1)
COLON_INDEX NUMBER (2)
SUPPRESS_COLON_LITRAL NUMBER (1)

MSG_FORMATS_TRAVEL_TIME_RANGE (Replicated)

MESSAGE_FORMAT_ID (KEY) CHAR(32)
MESSAGE_TEMPLATE_ID CHAR(32) NULLABLE
NAME VARCHARZ2 (50)
FORMAT VARCHARZ2 (22)
EXAMPLE VARCHAR2 (22)
FORMAT_LENGTH NUMBER (2)
LOW_START_INDEX NUMBER (2)
LOW_END_INDEX NUMBER (2)
HIGH_START_INDEX NUMBER (2)
HIGH_END_INDEX NUMBER (2)
SUPPRESS_LEADING_ZEROS NUMBER (1)
MSG_FORMATS_TOLL_RATE (Replicated)
MESSAGE_FORMAT_ID (KEY) CHAR(32)
MESSAGE_TEMPLATE_ID CHAR(32) NULLABLE
NAME VARCHAR2 (50)
FORMAT VARCHAR2 (22)
EXAMPLE VARCHARZ2 (22)
FORMAT_LENGTH NUMBER (2)
DOLLARS_START_INDEX NUMBER (2)
DOLLARS _END_INDEX NUMBER (2)
CENTS_START_INDEX NUMBER (2)
CENTS _END_INDEX NUMBER (2)
DOLLAR_SIGN_INDEX NUMBER (2)
SUPPRESS_DOLLAR_SIGN NUMBER (1)
SUPPRESS_LEAD_ZEROS_IN_DOLLAR NUMBER (1)
MSG_FORMATS_DISTANCE (Replicated)
MESSAGE_FORMAT_ID (KEY) CHAR (32)
MESSAGE_TEMPLATE_TID CHAR (32) NULLABLE
NAME VARCHAR2(50)
FORMAT VARCHAR2 (22)
EXAMPLE VARCHARZ2 (22)
FORMAT_LENGTH NUMBER (2)
MILES_START_INDEX NUMBER (2)
MILES_END_INDEX NUMBER (2)
TENTHS_MILE_START_INDEX NUMBER (2)
TENTHS _MILE_END_INDEX NUMBER (2)
SUPPRESS_LEAD_ZEROS_IF_NO_MILES NUMBER(1)
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2.4.1.1.2.3.5 New Tables for External Applications

CONTACT
VIDEO_CONNECTION_TYPE NOT NULL NUMBER(2)
NO_VIDEO_AVAIL_INDICATOR NOT NULL NUMBER(1)

EXTERNAL_APPLICATION

VIDEO_CONNECTION_TYPE NOT NULL NUMBER(2)
NO_VIDEO_AVAIL_INDICATOR NOT NULL NUMBER(1)

APPLICATION_ROLE_ASSIGNMENT

VIDEO_CONNECTION_TYPE NOT NULL NUMBER(2)
NO_VIDEO_AVAIL_INDICATOR NOT NULL NUMBER(1)

2.4.1.1.2.4 PL/SQL Module Definition and Database Trigger Reports
The following PL/SQL modules will be created for CHART R3B3

Travel Time

A PL/SQL module will be written to archive travel time data from the live databases. This will
include archiving raw INRIX data, keeping the data for a configurable number of days (e.g., 90
days). This module will also include archiving relevant DMS and/or travel route configuration
information, which combined with comm/ops log entries will allow the reporting tool to
reconstruct a particular travel time message.

Toll Rates

A PL/SQL module will be written to archive toll rate data from the live databases. This will
include archiving raw Vector data, keeping the data for a configurable number of days (e.g., 90
days). This module will also include archiving relevant DMS and/or travel route configuration
information, which combined with comm/ops log entries will allow the reporting tool to
reconstruct a particular toll rate message.

2.4.1.1.2.5 Database Size Estimate - provides size estimate of current design

Storage of toll rate and travel time raw data for 90 days is expected to increase the size of the live
database by up to 10 MB, and increase the size of the archive database by 800 MB/year.

2.4.1.1.2.6 Data Distribution

For R3B3, toll rate data will be obtained from the vector system and stored in a CHART live
database prior to being (temporarily) archived. The live database will likely be the AOC
database. Travel time data will be obtained from the INRIX system and stored in a live CHART
database prior to being (temporarily) archived. This live database will likely be the SOC
database.
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2.4.1.1.2.7 Database Replication

DMS template information will be distributed to all server sites via database replication.

2.4.1.1.2.8 Archival Migration

The CHART O&M guide contains archive information. In general, the archive process runs
nightly to archive and remove data from the live databases. For R3B3 travel time and toll rate
data will be archived.

2.4.1.1.2.9 Database Fail-Over Strategy

The SOC is the master database site and the remaining CHART server sites host a snapshot
replication database. Should the master database be down or unavailable for an extended period,
one of the snapshot databases could be converted to a master database site.

2.4.1.1.2.10 Reports

The CHART database design supports future reporting tool reports that will show travel time and
toll rate raw and calculated data to enable the report tool user to decompose a particular travel
time/toll rate message for a (configurable) specified period of time (e.g., 90 days).

2.4.1.2 CHART Flat Files
The following describes the use of flat files in CHART.

2.4.1.2.1 Service Registration Files

Each of the CHART background service directories, the JacORB Trader directory, and JacORB
Event Service directories has a set of files used to install and uninstall the particular service into
the Windows services list. When the service is thus installed it can be controlled through the
Windows Services Applet. The files to install and uninstall are *ServiceReg.cmd and
*RemoveService.cmd, where “*” is the name of the service, for instance, HAR or DMS, or
HAREvent or DMSEvent (for JacORB event services running for specific CHART services) or
Event (for the generic event service used by the GUI and FMS processes) or Trading for the
JacOrb Trader. These are created at installation time. The registration file is run at installation
time, and then these files are not used again. They are merely stored in the unlikely event that
they may be needed to re-register the service.

2.4.1.2.2 Service Property Files

Each of the CHART background service directories, the JacORB Trader directory, and JacORB
Event Service directories has one properties file used to set runtime parameters used to control
execution of the service. These parameters may include location of other services, the database,
timeout parameters, retry parameters, etc. These file is named *.props, where “*” is the full
name of the service, for instance, HARService, or HAREventService or TradingService.
These are created at installation time with default values appropriate for most installations.
Installation procedures may call for the person performing the installation to edit some files to
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make specific updates immediately following installation. These are user-editable ASCII files
and parameters are stored in a Module.ParameterName=value format, with thorough in-line
documentation of each parameter, including defaults and reasonable acceptable ranges and
meanings where necessary. Typically only software engineers may occasionally change certain
runtime parameters to fine tune performance characteristics.

2.4.1.2.3 GUI Property Files

The CHART GUI has two properties files used to specify runtime parameters. These parameters
include location of other services, the database, timeout parameters, retry parameters, etc. The
primarily file is named MainServlet.props. Additional parameters are stored in the
velocity.props and RequestHandler.props files. These files are stored in the
chartlite directory under the WebApps directory in the Apache Tomcat installation area.
These are created at installation time with default values appropriate for most installations.
Installation procedures typically call for the person performing the installation to edit some files
to make specific updates immediately following installation. These are user-editable ASCII files
and parameters are stored in a Module.ParameterName=value format, with thorough in-line
documentation of each parameter, including defaults and reasonable acceptable ranges and
meanings where necessary. Typically only software engineers may occasionally change certain
runtime parameters to fine tune performance characteristics.

2.4.1.2.4 Arbitration Queue Storage Files

Each CHART DMS and HAR contains an Arbitration Queue which is used to store and manage
the messages requested to be on the online device as part of a response to ongoing traffic events.
This data is stored in a file in a directory called MessageQueuePersist/, which is a
subdirectory of the DMSService and HARService directories. These are binary files, and are
not user-editable or user-viewable from Windows. The files are named by the 32-digit
hexadecimal CHART ID plus the extension “.per”. Arbitration Queues are not generally
maintained from one version of CHART to the next. Whenever the Java version changes, they

cannot be maintained, as the old files will not be readable using the new version of Java.

2.4.1.2.5 Device Logs

DMSs, TSSs, and HARs have a capability to store communications transactions between
CHART software and the physical devices over the telephone lines. This data can be used for
debugging communications issues or for validating successful communications operations. The
device logs can be toggled on or off by editing device properties from the appropriate device
details screens. Typically all device communications logging is enabled for all devices. These
logs are automatically deleted by the system after a set period of time, so they do not accumulate
infinitely. They are stored in the Devicelogs/ or DebugLogs/ subdirectories within the
service install directory, and are named by device name and date, plus a “.txt” extension.
These logs are typically read only by software engineering personnel.

2.4.1.2.6 Traffic Sensor Raw Data Logs

TSSs are polled periodically (typically every five minutes) for traffic volume, speed, and
occupancy data. The statistics gathered are stored in data files in the TSSService/RawData/
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directory. From here these files are permanently archived for historical purposes. These files are
stored in a human-readable, comma-delimited, ASCII format, although they are not designed for
convenient routine interpretation directly by users.

2.4.1.2.7 Service Process Logs

All CHART services write to a process log, used to provide a historical record of activity
undertaken by the services. These logs are occasionally referenced by software engineering
personnel to diagnose a problem or reconstruct a sequence of events leading to a particular
anomalous situation. These logs are automatically deleted by the system after a set period of
time defined by the service’s properties file, so they do not accumulate infinitely. These files are
stored in the individual service directories and are named by the service name and date, plus a
“.txt” extension. These logs are typically read only by software engineering personnel.

2.4.1.2.8 Service Error Logs

All CHART services write to an error log, used to provide detail on certain errors encountered by
the services. Most messages, including most errors, are captured by the CHART software and
written to the process logs, but certain messages (typically produced by the Java Virtual Machine
itself, by COTS, or DLLs) cannot be captured by CHART Software and instead are captured in
these "catch-all" logs. Errors stored in these logs are typically problems resulting from a bad
installation; once the system is up and running, errors rarely appear in these error logs.
Debugging information from the JacORB COTS, which is not usually indicative of errors, can
routinely be found in these error logs, as well. These log files can be reviewed by software
engineering personnel to diagnose an installation problem or other type of problem. These logs
are automatically deleted by the system after a set period of time defined by the service's
properties file, so they do not accumulate infinitely. These files are stored in the individual
service directories and are named by the service name and date, plus an ".err" extension. These
logs are typically read only by software engineering personnel.

2.4.1.29 GUIProcess Logs

Like the CHART background services, the CHART GUI service also writes to a process log file,
used to provide a historical record of activity undertaken by the process. These GUI process logs
are occasionally referenced by software engineering personnel to diagnose a problem or
reconstruct a sequence of events leading to a particular anomalous situation. These logs are
automatically deleted by the system after a set period of time defined by the GUI service’s
properties file, so they do not accumulate infinitely. These files are stored in the
chartlite/LogFiles/ directory under the WebApps/ directory in the Apache Tomcat
installation area. They are named by the service name (“chartlite”) and date, plus a “. txt”
extension. These logs are typically read only by software engineering personnel. Additional log
files written by the Apache Tomcat system itself are stored in the 1og/ directory in the Apache
Tomcat installation area.

2.4.1.2.10 FMS Port Configuration Files

The CHART Communications Services read a Port Configuration file, typically named
PortConfig.xml, upon startup, which indicates which ports are to be used by the service and
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how they are to be initialized. A Port Configuration Utility is provided which allows for
addition, removal of ports and editing of initialization parameters. As indicated by the extension,
these files are in XML format. This means these files are hand-editable, although the Port
Configuration Utility allows for safer, more controlled editing. The Port Configuration files are
typically modified only by software engineers or telecommunications engineers.

2.4.2 Database Design

The CHART database design is described below. The design is based on the CHART Business
Area Architecture, and the CHART System Requirements.

The database design consists of these major areas:
e User/system management
e Device configuration
e Device status
e Traffic event response planning
* Events and logging
e Alerts
* Notification
e Schedules
e System parameters
e Travel Routes
e Replication
® Archiving

All device configuration data is maintained by the CHART database and is supplied to the FMS
as part of a service request. However, configuration data for devices related to video distribution
is not supplied to the FMS, since CCTV camera communications do not use the FMS.

2.4.2.1 User/System Management

The user/system management entities consist of the complete suite of information to tie together
the users, roles, organizations, and functional rights with the center's identification. The
user/system management entities are considered static data in the sense that the majority of the
data will be pre-loaded either through a GUI or via SQL loads.

2.4.2.2 Device Configuration

The DMS, HAR, SHAZAM, TSS, Camera, Monitor, and other CCTV video entities include data
that define the configuration of the resources for devices. Each device or detector is associated
with an organization via a foreign key. The organization is responsible for all devices and for
each model type to which it is related.
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All of the configuration data is considered static data. It is generally changeable, but changes
infrequently.

2.4.2.3 Device Status

The DMS, HAR, SHAZAM, TSS, Camera, and Monitor entities include data that define the
status or state of the devices. Some status information (e.g. last poll time, last polled detector
speed data) changes very frequently. Other status information (e.g., the message on a DMS)
changes less frequently.

2.4.2.4 Traffic Event Response Planning

The planning entity consists of all of the data necessary for an operator to execute a response
plan from within an open traffic event. Response plans include preselected HAR and DMS
devices with messages related to a well known event such as recurring congestion at a particular
location.

This data is considered to be fairly static, although libraries and plans are easily updated. These
data set up the plan scenario for a given event. It is used manually by operators to refine the plan
or create their own.

The dictionary entity data assists the operator by checking spelling and checking for banned
words when creating messages for the message library, for DMS messages, and for HAR text
message clips, and by doing pronunciation substitution prior to text to speech for HAR text
message clips.

2.4.2.41 Events and Logging

The events entity includes all informational data related to traffic incidents. It also includes any
devices that are part of the response to an event, such as DMSs and HARs. Also included are
various log data that are described in more detail below.

The logs that are maintained are listed below:
¢ Communications Log

e Event Log

e Operations Log

The Communications Log entity documents operator communications, and may or may not be
tied to a specific traffic event. The event log contains operator and system generated entries
specific to actions associated with a particular traffic event. The Operations Log entity stores all
system generated events, including device usage and component failures.

2.4.2.5 Alerts

The alerts entity includes all informational data related to alerts. Alerts are dynamic data. Most
alerts are created by the system automatically, although manually generated generic alerts are
also supported. Alert status and history data can be updated frequently. All alert data is
archived.
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2.4.2.6 Notification

The notification entity includes all informational data related to notifications. Notifications are
dynamic data. Notification status data are updated frequently.

2.4.2.7 Schedules

The schedules entity includes all informational data related to schedules. Schedules are fixed
data. Users add schedules to the system and delete them when they are done. Schedules do not
have dynamic status or history data.

2.4.2.8 System Parameters

The System Profile parameters are used for general CHART system operations. Examples of
system parameters include:

¢ Days to purge operation log

e  Which event types may be combined

e  Which event types are comparable for event location duplication
e HAR date stamp format

e Alert system configuration parameters

¢ General GUI parameters

2.4.2.9 Travel Routes

The travel routes entity includes all informational data related to travel routes, used to provide
travel time and/or toll rate data for use in traveler information messages. Travel routes are fixed
data. Administrators add travel routes to the system in preparation for displaying travel times or
toll rates on DMSs. Travel routes do not have dynamic status or history data.

2.4.2.10 Replication

The database will provide replication of all entities required for a CHART server site to run
independent of any other CHART server site, as might occur with a network outage between
sites. This includes data related to CHART GUI (profile, folders), user management (including
external client IDs and public keys), and dictionary data. The data related to logging and
resources is replicated as well.

Device configuration data is not replicated since each device is homed to only one server. Other
CHART servers access that device configuration through the appropriate CORBA Trading
Service. Similarly, traffic event information, alerts information, notification information, and
schedule information are homed to only one server and therefore not replicated.
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2.4.2.11 Archiving

The CHART Archive database stores data from the CHART operational system as part of a
permanent archive. The CHART Archive database design is a copy of the CHART operational
system for those tables containing system, alert, and event log information. In addition, the
CHART Archive database stores detector data. This data is stored as time annotated averages at
selected frequencies. For R3B3, archiving will be updated to include traveler information
messages and their underlying data. See Figure 2-6 which includes the ERD for the Archive
database.
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3 Key Design Concepts

3.1 Travel Routes

As a building block for traveler information messages, R3B3 introduces the concept of travel
routes. Each travel route defined in CHART represents a segment of roadway, usually starting at
a DMS and ending at some well known point (an exit number, route number, etc.) CHART
travel routes are used to supply travel time and/or toll rate data to a DMS for inclusion in a
traveler information message. Each travel route may have one or more roadway links included.
Each roadway link is identified by an ID, and for R3B3 will always correspond to a link that
exists in the INRIX system, which provides travel time data to CHART. A travel route with no
roadway links included cannot be used for travel times. Travel routes may also have a toll rate
source assigned. Toll rate sources are identified by a beginning and ending ID, and for R3B3
will always correspond to a toll route in the Vector system, which provides toll rate data to
CHART. Travel routes without a toll rate source assigned will not be used for toll rates.

In addition to being building blocks for traveler information messages, Travel Routes are also
useful by allowing users to view current travel times and toll rates. Sorting and filtering
capabilities as well as recent data trends providing users with another means to assess current
roadway conditions.

3.2 Traveler Information Message Templates

CHART R3B3 Traveler Information Message Templates are another building block for traveler
information messages. An administrator creates templates that specify the layout and content of
traveler information messages. These templates are for a specific DMS sign size, and at least
one template must exist for each size (rows/columns) of DMS where a traveler information
message will be displayed. In addition to text, the content may include data fields, which are
place holders within the message where data from travel routes is to be inserted. The following
data fields are permitted in R3B3:

e Destination

e Travel Time (actual)

e Travel Time (range)

e Toll Rate

e Distance

e Toll Rate Effective (“as of”’) Time

Templates allow the administrator to specify which fields are supplied by the same travel route.
This allows templates to contain data from 1 or more travel routes, with the data from each route
correlated properly. Templates also allow the administrator to specify the format to be used for
each type of data field included in the template. All fields of the same type will share a common
format, eliminating the possibility for a mismatch within the same messages. Because it’s
possible that data fields specified in a template may become unavailable during its actual use, the
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administrator also specifies a missing data rule for each template. Using the missing data rule,
the administrator can specify if the entire message is invalid if any data is missing, if the page
containing the missing data is invalid, or if the row containing the missing data is invalid. The
appropriate rule to choose depends on the content and layout of the template.

3.3 Traveler Information Messages

Traveler information messages combine a pre-defined message template with data from one or
more travel routes to show motorists current travel times and toll rates on DMSs. Traveler
information messages are automatically updated as data from their associated travel routes
changes. Traveler information messages are created for any DMS where travel times or toll rates
are to be displayed. These messages can be created in advance, and activated by the user when
desired. Multiple traveler information messages for a DMS can be created in advance, however
only one may be active on a DMS at any given time.

Traveler information messages, when activated, utilize the DMS arbitration queue. Two new
“buckets” created for R3B3 are used to set the initial queue priority for toll rate and travel time
messages. Any traveler information message that contains toll rate data is considered a toll rate
message (even if it also contains travel time data) and will initially be placed in the “toll rate”
queue bucket. Any traveler information message that contains travel time data (but not toll rate
data) is considered a travel time message and will be initially placed in the “travel time” queue
bucket. The system allows the administrator to override this behavior per DMS and specify
different buckets to be used for toll rate and travel time messages. Once a traveler information
message is on a DMS arbitration queue, all existing arbitration queue features apply, including
the ability to reprioritize the message within the queue, and the ability to combine the message
with other messages on the queue (if so configured).

CHART R3B3 includes a travel time display schedule which specifies the periods during the day
when travel time messages may be displayed. Travel time messages may be activated or remain
active on the arbitration queue during times when travel times are not scheduled to be displayed,
however the message will only be shown on the DMS during times when travel time display is
scheduled. The system-wide travel time display schedule can be overridden per DMS.

3.4 External Interface to INRIX

For CHART R3B3, an external interface to the INRIX system is used to obtain travel times for
travel routes. INRIX is a web service available on the Internet, and CHART will connect to it
periodically (on the order of every 5 minutes) via HTTPS to obtain travel time data for roadway
links within Maryland. Once travel time data is obtained from INRIX, CHART will update the
travel time data for roadway links used by CHART travel routes, and the travel routes will
update their overall travel time by adding together the travel times of each link contained in the
travel route. Changes to travel time data for a travel route propagate within CHART to any
active traveler information message using data from that travel route.

Settings in CHART allow a percentage of a link to be used when computing the overall travel
route travel time to accommodate situations such as when locations of DMSs that will display
travel times do not match cleanly to INRIX link starting points. Other settings in CHART
specify the minimum data quality CHART will accept from INRIX, and CHART travel routes
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will consider the travel time unavailable if too many links fall below their configured minimum
quality level.

3.5 External Interface to Vector

An external interface to the MdTA Vector system is used by CHART R3B3 to obtain current toll
rates for CHART travel routes. Toll rate data is pushed to the CHART system via a web service
interface included in R3B3. The Vector system connects to this service via HT'TPS and supplies
data to CHART in an XML format. When the CHART web service receives data from the
Vector system, it updates the current toll rate data for any CHART travel route that has a toll rate
source specified and that source is the Vector system (Vector is the only toll rate source for
R3B3). Changes to the toll rate for a CHART travel route are propagated to any traveler
information message that includes toll rate data from that travel route.

3.6 External Interface to RITIS

For CHART R3B3, the existing external interface to RITIS is enhanced and expanded. The
existing traffic event import from RITIS is being enhanced to provide configurable filtering,
alerts, and flagging of interesting events. The RITIS interface is being expanded to allow DMS
and TSS devices included in RITIS to be shown within the CHART system. The transport layer
used for these RITIS connections continues to be RITIS-specific using Apache’s ActiveMQ
implementation of the Java Messaging Service (JMS). The traffic event data layer implements
the J2354 standard with a few RITIS extensions to the standard. The DMS and TSS data layers
implement the TMDD standard for each of these devices. The sections below describe further
concepts related to RITIS data importing for R3B3.

Geographical Areas

CHART R3B3 introduces the concept of geographical areas to allow geographic filtering of
traffic events, DMSs, and TSSs that exist in the RITIS system. An administrator can define a
geographical area as a polygon containing 3 or more points specified by latitude/longitude. The
system allows the administrator to upload these points from a KML file rather than typing them
by hand to avoid typographical errors and to allow an external mapping product to be used to
define the areas. R3B3 provides features to manage these geographical areas, including add,
edit, delete, and view.

Traffic Event Import Rules

CHART R3B3 includes the ability to define traffic event import rules that will be applied
automatically by the existing RITIS traffic event importer. Each rule can contain one or more
filter criteria, including geographical areas, route types, number of lanes closed, event type, and
search type. A RITIS event must match all criteria specified in a rule to match the rule, and must
match at least one rule to be imported into CHART. Each import rule can also contain rule
actions. These actions will be performed when a RITIS event matches the rule (and is therefore
being imported into CHART). The available actions for R3B3 are Issue Alert, Send
Notification, and Mark as Interesting. The Issue Alert action, when enabled, causes CHART to
send an alert to a specified operations center when an event is imported that matches the rule.
The Send Notification action, when enabled, causes CHART to send a notification to a specified
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notification group when an event is imported that matches the rule. The Mark as Interesting
action, when enabled, causes CHART to set the “interesting” flag for the event when an event is
imported that matches the rule. The “interesting” flag causes the event to appear on the home
page of the CHART GUI in the external events tab.

Create CHART Event from RITIS Event

CHART R3B3 adds the ability to create a new CHART event using data from an external event
(imported from RITIS). When this is done, the user can edit the basic event and location data
prior to saving the new CHART event. The system automatically associates the new CHART
event with the external event from which the operation was initiated.

DMS and TSS Import

CHART R3B3 includes the ability for the administrator to include view-only copies of RITIS
DMS and TSS devices in the CHART system. Once added to the CHART system, the CHART
RITIS import service will keep the status of these devices updated within CHART. The CHART
system allows the administrator to specify which devices from RITIS are to be included in
CHART, as well as those the administrator wants excluded from CHART. A query capability
that includes several search criteria allows the administrator to search the potentially large list of
DMS and TSS devices that may exist in RITIS so that they may choose devices to include in
CHART or mark as excluded. The search feature also allows the administrator to view the
devices they have already marked as included, already marked as excluded, and/or not yet
marked as either included or excluded.

The existing CHART DMS and TSS lists are enhanced in R3B3 to allow users with rights to
view external DMS or TSS to show or hide these external devices within the lists. When
external devices are shown, the system allows the user to filter the list to hide CHART devices
and to filter the list to show only external devices from specific agencies. CHART R3B3 uses a
different background color to differentiate external devices from CHART devices within device
lists. The device details pages for external devices are read-only for all users, except that
privileged users are permitted to mark the external device as “excluded”, removing it from the
CHART system.

Archiving of External DMS and TSS Data

External DMSs and TSSs that have been imported into the CHART system will be_archived for
offline analysis along with internal CHART DMSs and TSSs, and will be permanently flagged as
external devices in the archive.

Owning Organizations

When importing traffic events, DMS devices, and TSS devices into CHART, R3B3 will utilize a
mapping from external system / agency to a CHART organization. If a mapping is not found for
a traffic event or device that is imported, the system will use a default organization.

3.7 CHART Data Export

CHART R3B3 includes a web service that allows pre-approved external systems to obtain data
from the CHART system. External systems can issue data requests (via HTTPS) and receive the
requested data in the form of an XML document. R3B3 allows traffic events, DMS, TSS, HAR,
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and SHAZAM data to be retrieved in this manner. Authentication and data protection schemes
(as described in section 2.3 above) ensure that only authorized clients can retrieve data, and that
clients can only retrieve data for which they are permitted to receive.

3.8 External System Connection Status

CHART R3B3 includes the ability to view the status of all external connections, including those
connections from CHART to RITIS and INRIX, and connections to CHART from Vector and
clients using the CHART export web service. R3B3 also allows the administrator to configure
alerts and notifications for each external connection. The administrator can configure the system
to alert a specified operations center when a connection failure is detected. A notification group
can also be specified to receive a notification when a connection failure is detected. Optionally,
the administrator can also configure the system to send an alert or notification when warning
conditions are detected. The system utilizes an administrator specified threshold time to prevent
a flood of alerts and/or notifications from being sent if a connection is in a state where it is
frequently transitioning between OK and Failed.

3.9 Device Locations

CHART R3B3 updates all devices (except monitors) to include location fields. The following
fields are added:

e State

e County

e Route Type

* Route

¢ Direction

¢ Intersecting Feature (state milepost or intersecting route)
e Latitude / Longitude

Device lists are updated to include columns for County, Route, and Direction, and to allow the
user to sort and filter on these new columns.

CHART R3B3 wuses device latitude/longitude (when specified) and traffic event
latitude/longitude (when present) to allow users to view devices close to a traffic event. The user
can select a radius when viewing the traffic event details to see all devices within that radius.
The user can also directly add DMS and HAR devices to the response plan of the traffic event
when they appear in the list of devices close to the event. External DMSs and TSSs that are
included in the CHART system and are within the specified radius from the event will appear in
the list of close devices; however the user cannot add external DMSs to an event response plan.

3.10TCP/IP DMS and TSS Communications

CHART R3B3 adds TCP/IP as a new communication option for DMS and TSS devices. When
the physical device supports this option, and the device is configured within CHART to use
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TCP/IP communications, the CHART backend service will communicate directly with the device
over the network and will not utilize a port manager as it does for POTS, ISDN, and direct
connect RS232 communications. TCP/IP device communications will bypass the FMS servers
and the CHART Communications Services entirely.

3.11Error Processing

In general, CHART traps conditions at both the GUI and at the server. User errors that are
trapped by the GUI are reported immediately back to the user. The GUI will also report
communications problems with the server back to the user. The server may also trap user errors
and those messages will be written to a server log file and returned back to the GUI for display to
the user. Additionally, server errors due to network errors or internal server problems will be
written to log files and returned back to the GUI.

3.12Packaging

This software design is broken into packages of related classes. The table below shows each of
the CHART packages along with a description of each. New for R3B3 are the following
packages:  TravelRouteModule, MessageTemplateModule, Travel Time Import Module,
DMSImportModule, TSSImportModule, dataCache serviet, CHARTExport servlet, and the Toll
Rate servlet.

Table 1 Package Descriptions

Package Name Package Description

ActionUtility This package contains code used by the GUI to invoke actions from alerts
generated by the Schedule Module. This package is separate from the
Schedule Module itself because it is currently used by the GUI, but may
be used by the Schedule Module itself in future releases.

AlertModule This package contains an installable service application module that is
responsible for handling Alerts in CHART. This module will change for
R3B3 to support new alert types.

AudioClipModule This package contains classes used during the creation and storage of
HAR audio clips.
AudioCommon This contains the CORBA interfaces, structs, enums, and constants used

to define the interface between the CHART AudioClipModule and other
applications such as the CHART GUI.

Camera Control Module This package contains an installable service application module that
serves the Camera Factory, Camera and related objects as specified in the
system interfaces. This module will change for R3B3 to support location
data for cameras.

chartlite This package contains all of the classes that comprise the CHART GUL
CHART2Service This package contains a class that serves as a generic service application.
CommandProcessorModule This package contains an installable service application module that

serves the CommandProcessorFactory, CommandProcessor and related
objects as specified in the system interfaces.

CommLogModule This package contains classes that are used to write the
CommunicationsLog.
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Package Name
CORBAUtilities

CHARTEXxport servlet
DataCache servlet
DataModel

DeviceManagement

DeviceUtility
DictionaryManagement

DictionaryModule

DMSControl

DMSControlModule

DMSProtocols

DMSUtility
DMSImportModule

EventImportModule

ExternallnterfaceModule

EORS
EORSModule

FieldCommunicationsModule

GeoAreaModule

Package Description

This package contains classes included in the third party ORB product
used for implementation.

The CHART Export servlet is used to handle those clients who wish to
receive data from CHART.

The DataCache servlet is used to cache the data that will be sent to client
who wish to receive data from CHART.

This package contains classes and methods that allow for storage,
efficient lookup, and updating of object data.

This package contains the CORBA interfaces, structs, enums, and
constants used to define the interface between the CHART
ArbitrationQueue and other applications such as the CHART GUI. This
package will change for R3B3 to support device locations and changes to
the arbitration queue to support traveler information messages.

This package contains various utility classes used by CHART devices.

This package contains the CORBA interfaces, structs, enums, and
constants used to define the interface between the CHART Dictionary
and other applications such as the CHART GUIL

This package contains an installable service application module that
serves Dictionary and related objects as specified in the system
interfaces.

This package serves the DMS Configuration and Status Factory, DMS
Configuration and Status and related objects as specified in the system
interfaces. This will change for R3B3 to support device locations,
TCP/IP communications, and NTCIP DMS font settings.

This package contains an installable service application module that
serves the DMS Factory, DMS and related objects as specified in the
system interfaces. This will change for R3B3 to support device locations,
TCP/IP communications, and NTCIP DMS font settings.

This package contains classes that encapsulate the functionality used to
communicate with the various models of DMSs

This package contains DMS related utility classes used by the server.

This package contains an installable service application module that is
used to import external DMS data into CHART.

This package contains an installable service application module that is
used to import external traffic event data into CHART.

This package implements connections to external systems. Currently
RITIS is the only external system connecting to CHART. .

This package contains classes related to EORS.

This package contains an installable service application module that
serves EORS and related objects as specified in the system interfaces.

This package contains an installable service application module that
serves Port manager and related objects used to provide access to
communications ports on the machine where this module is run.

This package contains an installable service application used for
managing and providing access to Geographical Areas configured in
CHART.
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Package Name
HAR Control

HARControlModule

HARProtocols

LogCommon

MessageLibaryModule

MessageTemplateModule

MonitorControlModule

NativeUltility
Notification Module

PlanModule

ResourcesModule

RoadwayLocationL.ookupModule

RouterControlModule

ScheduleModule

SHAZAMControlModule

SHAZAMProtocols

SHAZAMUtility
TollRateImport servlet

Package Description

This package contains HAR utility and other HAR related classes. This
package is changed in R3B3 to include device locations.

This package contains an installable service application module that
serves the HAR Factory, HAR and related objects as specified in the
system interfaces. This package is changed in R3B3 to include device
locations.

This package contains classes that encapsulate the functionality used to
communicate with the various models of HARs.

This package contains objects related to the commLog.

This package contains an installable service application module that
serves the MessageLibrary Factory, MessageLibrary and related objects
as specified in the system interfaces.

This package contains an installable service application module that
serves the MessageTemplate Factory, and related objects as specified in
the system interfaces.

This package contains an installable service application module that
serves the Monitor Factory, Monitor and related objects as specified in
the system interfaces.

This package contains utility classes used for calling C++ code.

This package contains an installable service application module that
provides notification services for CHART.

This package contains an installable service application module that
serves the Plan Factory, Plan and related objects as specified in the
system interfaces.

This package contains an installable service application module that
serves the OperationsCenter Factory, OperationsCenter and related
objects as specified in the system interfaces.

This package contains an installable service application module that
provides interfaces for querying the location data contained on the
CHART Mapping database.

This package contains an installable service application module that
serves the Router Factory, Router and related objects as specified in the
system interfaces.

This package contains an installable service application module that
serves the Schedule Factory and Schedule objects as specified in the
system interfaces. This package is changed in R3B3 to include device
locations.

This package contains an installable service application module that
serves the SHAZAM Factory, SHAZAM and related objects as specified
in the system interfaces. This package is changed in R3B3 to include
device locations.

This package contains classes needed for communication to a specific
model SHAZAM.

This package contains SHAZAM related utility.

The TollRateImport servlet provides web service to allow data providers
(Vector) to import toll rates into Chart.
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Package Name
TrafficEventMangement

TrafficEventModule

TravelRouteModule

TravelTimeImportModule

TSSImportModule

TSSMangementModule

TSSUtility
TTSControlModule

Utility
VideoSwitchControlModule

VideoUtility

Package Description
This package contains classes related to TrafficEvent objects.

This package contains an installable service application module that
serves the TrafficEvent Factory, TrafficEvent and related objects as
specified in the system interfaces.

This package contains an installable service application module that
serves the Travel Route Factory, and related objects as specified in the
system interfaces.

This package contains an installable service application module that
serves the INRIX Import related objects as specified in the system
interfaces

This package contains an installable service application module that is
used to import external TSS data into CHART

This package contains an installable service application module that
serves the RTMS Factory, RTMS and related objects as specified in the
system interfaces. This package is changed in R3B3 to include device
locations, TCP/IP device communications.

This package contains TSS related utility classes.

This package contains an installable service application module that is
used to run the TTS server. This package is changed in R3B3 to include
device locations, TCP/IP device communications.

This package contains various utility classes used throughout CHART.

This package contains an installable service application module that
serves the VideoSwitch Factory, VideoSwitch and related objects as
specified in the system interfaces.

This package contains Video related utility classes.

3.13 Assumptions and Constraints
1. Knowledgeable SHA, MdTA, RITIS, INRIX, and VECTOR subject matter experts will be available to

support project schedules.

The design of the INRIX system interface and the data provided by INRIX will be substantially the same as
documented in the “I-95 Vehicle Probe Project Interface Guide”, version 2.2 dated October 11, 2008.

The design of the VECTOR system interface will be substantially the same as documented in the Toll Rate
Vector to CHART Interface Control Document, Revision 1, document number WO15-ID-001R1, dated
November 25, 2008.

A connection to the INRIX system has been provided to the development team. However, the development
team has not yet been tested this connection.

We assume that a connection to the VECTOR system will be provided to the development team sometime
in the early implementation phase of R3B3.

CHART will assume INRIX travel time data is good — correct and smoothed. CHART cannot validate
INRIX data, and will not smooth it. No limit on route travel times variance from one moment to the next
will be imposed.

CHART will assume VECTOR toll rate data is correct. No minimum/maximum limit on toll rates will be
imposed. CHART cannot validate VECTOR data. For instance, CHART will not understand the
relationship between toll rate routes, and therefore cannot validate that a longer route should have a higher
toll than a shorter route.
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10.

11.

12.
13.

In general, once configured and enabled, travel times and toll rates will be posted to DMSs automatically.
This breaks a long-standing philosophy that all messages will be approved by a human operator before
being posted.

Travel times are not intended for incident detection. Travel times should not be used for automatic incident
detection, and will not be presented in a manner geared to facilitate operator-based incident detection.

Testing of DMS and detectors connected to the system via TCP/IP will be done using simulators. If actual
devices are made available by SHA prior to the start of integration test they will be used for testing. If
actual devices are not provided for testing during integration test, testing with live devices will occur after
R3B3 is deployed, and any post deployment changes will be billed under a work order and will not fall
under warranty.

Testing of the change to set the NTCIP DMS font and line spacing will primarily be done using simulators.
If an actual NTCIP DMS is made available by SHA prior to the start of integration test it will be used for
integration testing. If an actual NTCIP DMS is not provided for testing during integration test, testing with
a live NTCIP DMS should be performed instead. If there is no available NTCIP DMS to use for testing,
then the testing will occur after R3B3 is deployed, and any post deployment changes will be billed under a
work order and will not fall under warranty.

SHA personnel will populate the new device location fields after R3B3 is deployed.

CHART R3B3 will use the existing NTCIP DMS implementation as is or slightly modified, to command
and control toll rate signs. This system is a robust system capable of handling many but not all problems
and has been designed to have an uptime and (device command and control, etc.) accuracy sufficient and
acceptable for CHART traffic operations. It has not been, nor will it be for R3B3, a system with an uptime
and/or accuracy approaching that required for a true financial system. There are planned and unplanned
outages, device nuances and failures, etc. that may occur with or without knowledge and/or participation by
CSC/Team CSC staff. These and other events may impact CHART R3B3’s ability to obtain and/or
correctly display toll rates.

Should problems occur, CSC’s responsibility shall remain to fix and/or enhance the system according to the
problem report (PR) process (i.e., document the problem via PR and schedule the fix in a patch or release to
the software) or according to the normal warrantee provisions. Any and all responsibility for resolving
financial disputes related to toll rate signs, including payments due to incorrect/inconsistent toll rates, shall
be the responsibility of the corresponding State entity, and not CSC.
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4 Use Cases

The use case diagrams depict new functionality for new CHART R3B3 features.

4.1 High Level

4.1.1 R3B3HighLevel (Use Case Diagram)

This use case diagrams shows use cases related to new R3B3 features and enhancements to
existing features at a high level.
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Figure 4-1. R3B3HighLevel (Use Case Diagram

4.1.1.1 Administrator (Actor)
An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.1.1.2 Configure Devices (Use Case)

An administrator (operator with the correct functional rights) may configure devices. This
includes the devices themselves and all associated supporting configuration information.
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4.1.1.3 Configure System (Use Case)

An administrator can edit the system configuration via the system profile.

4.1.1.4 Import INRIX Data (Use Case)

The system shall connect to the INRIX system and periodically import travel time data for
links on a configurable interval. CHART will maintain the connection by periodically
obtaining a new authentication key as required by the INRIX system. An External
Connection Alert (when enabled for the INRIX connection) will be sent to the operations
center configured to receive alerts for the INRIX connection. The following conditions will
trigger an alert: Data cannot be retrieved from INRIX for a configurable period of time
Data retrieved from INRIX does not comply with the documented format Data retrieved
from INRIX does not contain data for a link that is included in a CHART travel route

4.1.1.5 Import RITIS Data (Use Case)
The system shall import data from the RITIS system.

4.1.1.6 Import Vector Toll Rates (Use Case)

4.1.1.7 Manage Alerts And Notifications (Use Case)

A user with proper functional rights can view and respond to alerts generated by the system.
The system will monitor conditions and send out alerts and/or notifications. For R3B3
three new alert types are being added: Travel Time Alerts, External Connection Alerts, and
External Event Alerts. The conditions that trigger these alerts can also cause a notification
to be sent independent of the alert. Details are shown in the Manage Alerts And
Notifications use case diagram.

4.1.1.8 Manage Device Queue (Use Case)

Users with appropriate privileges can manage device queues. The traveler information
messages added to R3B3 utilize the DMS message queue and two new priorities are added
to support these messages. See the ManageDeviceQueues UCD for details.

4.1.1.9 Manage Devices (Use Case)

An operator with the correct functional rights may perform basic operations on CHART
devices including HARs, DMSs, Video related devices, TSSs, and SHAZAMs. For R3B3,
DMS and TSS communications will support TCP/IP (in addition to existing communication
methods), and the communications to set messages on NTCIP DMSs will be enhanced to
set the font and line spacing. See the R3B3ManageDevices UCD for details.

4.1.1.10 Manage Traffic Events (Use Case)

This diagram models the actions that an operator may take that relate to traffic events. This
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includes responding to traffic events using field devices.

4.1.1.11 Manage Travel Routes (Use Case)

An administrator will be able to manage the configuration of travel routes in the system.
Travel routes represent a section of roadway (not necessarily on the same roadway/signed
route) for which travel time and/or toll rate information may be provided. The
administrator can add, edit, or remove travel routes. An operator will be able to view the
currently defined toll routes and the travel time / toll rate information for those routes. See
the Manage Travel Routes use case diagram for details.

4.1.1.12 Manage Traveler Information Messages (Use Case)

The administrator will be able to define traveler information DMS message templates for
building traveler information messages (toll rate and/or travel time messages). An
administrator will set up the messages for a DMS using the templates (see the Configure
Devices diagram) and then the operator will be able to enable or disable the messages.
Once a message is enabled, the system will format a message for use by a DMS, add it to
the arbitration queue, and keep the message up to date when a travel route's data changes.
See the Manage Traveler Information Messages diagram for details.

4.1.1.13 Manage Users (Use Case)

An administrator can manage the users that are given access to the system and manage the
roles and rights that are used to specify the actions a user may perform and the data they
may access. In R3B3, new rights are added for new features, and rights are also being
added to provide better control of sensitive data. See the R3B3ManageUsers UCD for
details.

4.1.1.14 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.1.1.15 Provide Data to External Systems (Use Case)

The system shall provide access to external systems via a web service to allow them to
receive data that the CHART system makes available to third parties. One or more Roles
assigned to each external client will be used to determine the data the client will be
permitted to access. All requests made by external systems shall be validated against
published XSD. CHART will return a response XML document for each request. The
XML returned will contain an error code and error text for invalid requests, and will return
the requested data for valid, authorized requests. The response XML shall be formatted as
specified in published XSD.
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4.1.1.16 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.1.1.17 View Device Details (Use Case)

The system allows users to view details pertaining to devices. In R3B3 several new details
are being added, such as device locations. See the R3B3DeviceDetails UCD for details.

4.1.1.18 View Device Lists (Use Case)

The system allows users to view lists of devices that exist in the CHART system. For
R3B3 several new data fields are being added to most device lists, such as location data.
See the R3B3ViewDeviceLists UCD for details.

4.1.1.19 View External Connection Status (Use Case)

The system shall maintain the state of external connections established by the system and
allow users to view the status of the connections, including an indication of any connections
that are detected to be down. The following data will be displayed for each connection:
connection name, current status (OK, WARNING, FAILED), descriptive status text
(optional for status of OK), the time the connection transitioned to its current status, and the
time the status was last confirmed.
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4.2 Travel/Toll Routes

4.2.1 R3B3ManageTravelRoutes (Use Case Diagram)
This diagram shows use cases related to managing travel routes.
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Figure 4-1 R3B3ManageTravelRoutes (Use Case Diagram)

4.2.1.1 Add Roadway Links To Travel Route (Use Case)
A user with appropriate rights shall be permitted to add a roadway link to a travel route.

4.2.1.2 Add Travel Route (Use Case)
The system shall allow a user with appropriate rights to add a travel route to the system.

4.2.1.3 Administrator (Actor)
An administrator is a CHART user that has functional rights assigned to allow them to

perform administrative tasks, such as system configuration and maintenance.
4.2.1.4 Edit Roadway Link Usage In Travel Route (Use Case)
The system shall allow a user with appropriate rights to edit the configuration data for a link

that has been previously added to a travel route. For details see the
12/23/2008
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SpecifyRoadwayLinkUsageSettings use case.

4.2.1.5 Edit Travel Route (Use Case)
The system shall allow a user with appropriate rights to edit the configuration of a travel
route that exists in the system.

4.2.1.6 Filter Travel Route List (Use Case)

The user shall be able to filter the travel route list based on the value of a specific field (or
fields). The sortable fields include: travel time (based on hard-coded ranges), travel time
trend (up/down/flat), average speed (using hard-coded ranges), toll rate, roadway route,
travel direction, and county.

4.2.1.7 Modify Roadway Link Order In Travel Route (Use Case)

The system shall allow a user with appropriate rights to modify the order of roadway links
used in a travel route by moving a roadway link up or down in the order.

4.2.1.8 Operator (Actor)
An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.2.1.9 Remove Roadway Link From Travel Route (Use Case)
The system shall allow a user with appropriate rights to remove a roadway link from a
travel route.

4.2.1.10 Remove Toll Rate Source (Use Case)
A user with sufficient rights will be able to remove a toll rate source from a travel route,
effectively disabling toll rates for the travel route.

4.2.1.11 Remove Travel Route (Use Case)

A user with appropriate rights shall be permitted to remove a travel route from the system.
The system will prompt the user for confirmation and will provide a warning if the travel
route is being used by one or more DMSs.

4.2.1.12 Select Toll Rate Source (Use Case)

A user with sufficient rights will be able to select a toll rate source for the travel route.

4.2.1.13 Set Travel Route Properties (Use Case)

The system shall allow a user with appropriate rights to set the properties associated with a
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travel route. A travel route has a name, up to three destination names (which the system
will ensure are of different lengths, for use on different sizes of DMSs), location settings,
and travel time and/or toll rate settings. The location settings, which can be derived from
the links if the route supports travel times, may also be specified manually, and these
settings include: counties; route type, route, and direction for each route in the travel route;
travel route length. (The system will require the user to specify the location settings). If
the travel route supports toll rates, the user will be able to specify the toll rate source and
enable or disable the toll rate functionality. If a route supports travel times (i.e., with one or
more roadway links), the user can enable or disable the travel time functionality. A travel
route supporting travel times will require a minimum displayable travel time to be specified
(below which the displayed travel time will be constrained to the minimum) and a
maximum travel time (above which the travel time will not be displayed). A travel route
supporting travel times will include a setting for the number of links in the route that are
allowed to fall below the per-link quality threshold for the route travel time to be used.
There will also be a time threshold that, if exceeded, can trigger a Travel Time Alert sent to
a specified operations center and/or notification sent to a specified notification group. The
user will be able to enable or disable travel time alerts and notifications after they are set
up. Similarly the user can enable/disable toll rate alerts and notifications for travel routes
that support toll rates. Toll rate alerts are sent when a toll rate expires.

4.2.1.14 Sort Travel Route List (Use Case)

The travel route list shall permit the user to sort the list based on specific fields, in
ascending and descending order. The fields include: travel route name, length, travel time,
travel time trend, current speed, toll rate, the name of the DMSs using the route, the
roadway route, direction, and county.

4.2.1.15 Specify Roadway Link Usage Settings (Use Case)

A user with appropriate rights shall be permitted to set the properties of a link associated
with a travel route. These settings include the percentage of the link to include, and the
minimum travel time quality to accept (low, medium, or high).

4.2.1.16 Specify Roadway Links To Add (Use Case)

The system shall allow the user to select one or more links to add to a travel route. The
user will be able to select from among a list of all links in the system. To reduce the
number of links to choose from, the user will be able to filter the list of links by county,
road type, road, direction, and external ID. After adding the first link, the user will be able
to display a list of suggested links for selection. The system will use the latitude / longitude
of the endpoints to determine what other links are nearby, and may also use the previous
link's attributes for filtering. When displaying the links available for selection, the system
will display the details for each link including the name of the external system, the external
link ID, the link name, route name and/or number, travel direction, link length, county, and
(for all links except the first) the distance of the starting point to the previous link's
endpoint.
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4.2.1.17 View Roadway Links Specified For Travel Route (Use Case)

The system will display the details for roadway links that have been specified to be part of
the travel route when adding a travel route to the system. Details will include the external
system name, the external link ID, the name of the roadway link, the route name and/or
number, the travel direction, the county, the length of the link, and the distance of the link's
starting point from the prior link's endpoint (for all links except the first one).

4.2.1.18 View Travel Route Details (Use Case)

A user with appropriate user rights shall be permitted to view the details for a travel route.
The details will include current status information (if available/applicable) including the
travel time, travel time trend, speed, and toll rate. Details will be displayed for each
roadway link including the external link ID, link name, travel time, travel time trend, and
current speed (as reported by the data source, if available; otherwise calculated from travel
time and link length). Recent history will be shown for each link for each 5 minute period
in the last hour, and will include the reported travel time (minutes and seconds) and data
quality. If there are multiple samples in a 5 minute period, the latest will be shown.
Configuration details will also be shown for each link including the name of the external
system, the external link ID, the link name, route name and/or number, traffic direction,
length, county, and distance from the prior link (if any). The route details will include
details for a toll rate source (if applicable), which includes the recent toll rate history in 5-
minute increments for the last hour. (If more than one toll rate is reported in a 5S-minute
increment the latest will be used). The toll rate source configuration will also be displayed
including the external system name, the start ID, the end ID, and the source description.
The route details displayed will include up to three destination names of varying lengths.
The route's location information will be displayed including: county(ies), roadway route
name/number and travel direction (for each roadway route), travel route length, and an
indicator showing whether the location was manually entered or derived from links. The
travel time settings will be displayed including: a travel time enabled/disabled indicator,
minimum/maximum usable travel time, alert/notification travel time, alert enabled/disabled
flag and operations center, notifications enabled/disabled flag and notification group, and
the number of allowable links below the quality threshold. The toll rate settings shall be
displayed and shall include the toll rates enabled/disabled indicator, the operations center
that is to receive toll rate alerts (if any), and the notification group to receive toll rate
notifications (if any).

4.2.1.19 View Travel Route List (Use Case)

Users with appropriate user rights shall be permitted to view the travel routes defined in the
system. The data shown for each route shall include the name of the travel route, length,
travel time (if applicable), travel time trend indicator (if applicable), average speed (total
route length divided by travel time), toll rate (if applicable), DMSs using the route (i.e.,
configured to possibly display messages involving the route, even if not currently

CHART R3B3 Detailed Design 4-8 12/23/2008



enabled/active), roadway route(s), direction(s), and county(ies). The list of routes will
allow the user to choose which column to display, and it will allow sorting and filtering.

4.2.1.20 View Travel Route Roadway Link Details (Use Case)

A user with sufficient user rights shall be permitted to view the details of a roadway link
included in a route. The details will include status information including the current travel
time, average speed, travel time trend, and last status time. It will also include the recent
travel time history for the last hour in 5-minute increments (including the latest of the
samples if more than one falls in a 5-minute increment) and the reported quality of each
sample. The configuration for the link will be displayed including the external system
name, external link ID, link name, county(ies), route type, route, travel direction, link
length, and geographic coordinates of the starting / ending point.

4.2.1.21 View Travel Time Trend (Use Case)

The system will display the travel time trend. The trend is computed by comparing the
average of the latest N recent travel times to the average of the earliest N travel times,
where N is a configurable system-wide travel time sample size, the number of recent travel
times to compare. The Trend shall be considered "up" if the recent history contains at least
2N travel times and the average of the N latest travel times is at least X percent greater than
the N earliest travel times, where X is the system-wide travel time threshold. The trend
shall be considered "down" if the history contains at least 2N travel times and the average
of the N latest travel times is at least X percent less than the average of the N earliest travel
times. The trend shall be flat if the recent history has less than 2N entries or the average of
the N latest travel times is within X percent of the N earliest travel times.

The system shall retain at most 12 recent travel times that have been computed within the
last hour. The user will be able to view the travel times that were used to compute the
trend.
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4.2.2 R3B3ImportinrixData (Use Case Diagram)

This diagram shows use cases related to the import of travel time data from the external
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Figure 4-2 R3B3ImportInrixData (Use Case Diagram)

4.2.2.1 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.2.2.2 Archive Link Data (Use Case)

The system shall archive all raw link data retrieved from INRIX for a configurable period
of time.

4.2.2.3 Archive Route Data (Use Case)

The system shall store data in a form suitable for archival purpose, shall mark data when it
is ready to be archived, and shall archive and delete marked archivable route data.

4.2.2.4 Compute Route Travel Time (Use Case)

The system will compute the travel time for a route if the travel time data is available for all
links in the route and the number of links having data less than the acceptable quality (as
specified in the link's usage settings) is not greater than the maximum number links allowed
to have poor quality data (as specified in the travel route settings). Otherwise, if travel time
data is missing for any of the links or the quality is low for too many links, the travel time
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data for the route will be unavailable. The system will compute the travel time for the
travel route by summing the travel time for the portion of each link that falls within the
route (using the percentage of the link within the route times the total link travel time). If
the computed travel time for the travel route exceeds the alert/notification travel time
threshold, the system will create an alert and/or send a notification. The system will
archive the calculated data for accountability purposes.

4.2.2.5 Create External Connection Alert (Use Case)

The system will create an External Connection Alert if an external connection transitions to
the "failed" state and remains there for an amount of time, as specified in the connection
settings, if the alert is enabled in the connection settings. The system will create an
External Connection Alert if an external connection transitions to the "warning" state and
remains there for an amount of time, as specified in the connection settings, if the alert is
enabled in the connection settings. (The time spent in the "failed" state contributes to the
time counted for a warning).

4.2.2.6 Create Travel Time Alert (Use Case)

If travel time alerts are enabled for a travel route, the system will issue an alert to the
operations center specified in the travel route settings when the travel time crosses the
threshold specified in the travel route settings.

4.2.2.7 Import INRIX Data (Use Case)

The system shall connect to the INRIX system and periodically import travel time data for
links on a configurable interval. CHART will maintain the connection by periodically
obtaining a new authentication key as required by the INRIX system. An External
Connection Alert (when enabled for the INRIX connection) will be sent to the operations
center configured to receive alerts for the INRIX connection. The following conditions will
trigger an alert: Data cannot be retrieved from INRIX for a configurable period of time
Data retrieved from INRIX does not comply with the documented format Data retrieved
from INRIX does not contain data for a link that is included in a CHART travel route

4.2.2.8 Import INRIX Links (Use Case)

The system shall allow the administrator to import INRIX links from the INRIX
distribution CD via an offline process. Running this import will completely replace any
existing INRIX link data included in CHART with the new INRIX link data. Only links
that fall within a system defined bounding rectangle will be imported. Note that the link
data is read-only within the CHART system and is used to allow users to associate INRIX
links with CHART travel routes (via the link IDs). The presence of these INRIX links
within CHART is for the sole purpose of making that association process easier for the
user.
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4.2.2.9 Monitor External System Connection (Use Case)

The system shall monitor the state of the External System Connection.

4.2.2.10 Provide Link Data to Routes (Use Case)

The system shall provide link level data read from INRIX to an object or objects in the
system that group link level data into routes.

4.2.2.11 Send External Connection Notification (Use Case)

The system will send a notification to a specified notification group if an external
connection transitions to the "failed" state and remains there for an amount of time, as
specified in the connection settings, if enabled in the connection settings. The system will
send a notification to a specified notification group if an external connection transitions to
the "warning" state and remains there for an amount of time, as specified in the connection
settings, if enabled in the connection settings. (The time spent in the "failed" state
contributes to the time counted for a warning).

4.2.2.12 Send Travel Time Notification (Use Case)

If travel time notifications are enabled for a travel route, the system will send a notification

to the group specified in the travel route settings when the travel time crosses the threshold
specified in the travel route settings.

4.2.2.13 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.
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4.2.3 R3B3ImportVectorData (Use Case Diagram)

This diagram shows use cases related to importing toll rate data from the external Vector

system.
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Figure 4-3 R3B3ImportVectorData (Use Case Diagram)

4.2.3.1 Archive CHART Travel Route Toll Rate Data (Use Case)

The system shall archive the toll rate data used by a travel route for a configurable period of
time for the purpose of determining the composition of toll rate messages posted at a given
time.

4.2.3.2 Archive Toll Rate Data (Use Case)
The system shall archive all toll rate data posted to the CHART system. The data shall be
kept for offline inquiry for a configurable period of time.

4.2.3.3 Authenticate External System (Use Case)

The system shall authenticate external system connections to validate that they are
authorized to connect to CHART and to enforce rights regarding the data the external
system is permitted to access. Each external system owner will be provided a private key
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from a public/private key pair generated within the CHART system. Each request from an
external system will include the system's CHART client ID (as configured within CHART)
and a digital signature of the request data, created using the private key provided by the
CHART administrator. The CHART system will validate each request signature using the
client's public key.

4.2.3.4 Create Toll Rate Alert (Use Case)

If toll rate alerts are enabled for a travel route, the system will issue an alert to the
operations center specified in the travel route settings if the current toll rate for the travel
route expires while there is a current (non-expired) toll rates document available.

4.2.3.5 Create External Connection Alert (Use Case)

The system will create an External Connection Alert if an external connection transitions to
the "failed" state and remains there for an amount of time, as specified in the connection
settings, if the alert is enabled in the connection settings. The system will create an
External Connection Alert if an external connection transitions to the "warning" state and
remains there for an amount of time, as specified in the connection settings, if the alert is
enabled in the connection settings. (The time spent in the "failed" state contributes to the
time counted for a warning).

4.2.3.6 Expire Toll Rates (Use Case)

When toll rate data is imported, it includes an optional expiration time for all toll rates
included in the import. The system shall clear the toll rate data from all travel routes when
the expiration time for the toll rate data used by a travel route passes. It is expected that the
expiration time will be set such that it will only be used if Vector experiences a failure
updating the toll rate data at its normal rate.

4.2.3.7 Import Vector Data (Use Case)

The system shall integrate with VECTOR for the purpose of asynchronously receiving toll
rate information for routes configured within CHART. The system shall allow the
VECTOR system to post toll rate update documents to a web service hosted at a
configurable publicly accessible IP address and port. The system shall verify that posted
data has originated from the VECTOR system by requiring that the posted data be digitally
signed with a previously provided private key. The system shall validate all data posted by
the VECTOR system against the published XSD. The system shall return a response XML
document each time data is received from the VECTOR system. The system shall return a
success code and a list of accepted toll routes each time the VECTOR system successfully
posts a toll rate update. The system shall set the External Connection state to OK when a
valid, complete message is received from the VECTOR system. The system shall return a
failure code and a list of error code/error message pairs each time the VECTOR system
posts invalid data. The system shall reject any toll rate data that does not have a digital
signature with an authorizationError error code with corresponding error text. The system
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shall reject any toll rate data that contains a digital signature that cannot be read with the
previously provided public key by returning an authorizationError error code with
corresponding error text. The system shall reject any toll rate data that does not validate
correctly against the published XSD by returning an invalidXML error code with
corresponding error text. The system shall reject any toll rate update that has a
startDateTime that is more than a configurable number of minutes in the future by returning
an invalidStartDateTime error code with corresponding error text. The system shall reject
any toll rate update that has an expirationDateTime that is not later than the posted
startDateTime by returning an invalidExpirationDateTime error code with corresponding
error text. The system shall set the External Connection state to WARNING each time the
VECTOR system posts data that fails validation or authorization. The system shall set the
External Connection state to WARNING each time the VECTOR system posts data does
not contain data for any toll route (start id/destination id pair) that is associated with a
CHART system travel route. The system shall set the External Connection state to FAILED
if it does not receive any data from the VECTOR system for a configurable period of time
(expected to be on the order of 1 hour). The system shall reject in full any toll rate update
from the VECTOR system that contains any errors and shall not use any toll rate from said
update document. (Other than sending the appropriate error code in the XML response, the
system shall otherwise react as if no document had been sent at all.) If configured to do so,
the system shall generate an alert if it does not receive any data from the VECTOR system
for a configurable period of time. If configured to do so, the system shall issue a
notification if it does not receive any data from the VECTOR system for a configurable
period of time. The system shall allow the VECTOR system to post toll rate update
documents to a backup web service hosted at a configurable publicly accessible IP address
and port. The system shall allow an administrator to configure alert and notification
settings that cause an alert and/or notification to be issued when data is posted to the backup
service. These settings shall include the ability to enable/disable these alerts and
notifications, the op center to be alerted, the notification group to be notified, and the
minimum interval at which notifications can be sent.

4.2.3.8 Monitor External System Connection (Use Case)

The system shall monitor the state of the External System Connection.

4.2.3.9 Provide Toll Data to CHART Travel Routes (Use Case)

The system shall provide toll rate data for each toll route provided by the Vector system to
CHART travel routes configured to include the toll route. Any existing toll rate data for the
travel route shall be replaced by the new toll rate data. If a toll rate import does not include
the toll rate for a toll route that is configured to be included in a travel route, the toll rate
data for that travel route shall be cleared. This includes the case where the toll route is not
included in the data import and the case where the toll route is included but a toll rate for
that toll route is not included.
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4.2.3.10 Send Toll Rate Notification (Use Case)

If toll rate notifications are enabled for a travel route, the system will send a notification to
the group specified in the travel route settings if the current toll rate for the travel route
expires while there is a current (non-expired) toll rates document available.

4.2.3.11 Send External Connection Notification (Use Case)

The system will send a notification to a specified notification group if an external
connection transitions to the "failed" state and remains there for an amount of time, as
specified in the connection settings, if enabled in the connection settings. The system will
send a notification to a specified notification group if an external connection transitions to
the "warning" state and remains there for an amount of time, as specified in the connection
settings, if enabled in the connection settings. (The time spent in the "failed" state
contributes to the time counted for a warning).

4.2.3.12 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.
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4.2.4 R3B3ManageTravelerinformationMessages (Use Case Diagram)

This diagram shows use cases related to configuring traveler information messages.
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Figure 4-4 R3B3ManageTravelerInformationMessages (Use Case Diagram)

4.2.4.1 Activate Traveler Information Message (Use Case)

The system will activate a traveler information message on a DMS when the traveler
information message has been enabled by the user, or if a currently enabled travel time
message is currently not active due to the travel time display schedule and the schedule now
indicates travel time messages may be displayed. The message will be activated on the
device even if the device is not used by a traffic event. The system will format the message
and place it on the DMS's arbitration queue. The level at which the message is added will
be determined by whether a toll rate field is in the message template. If there is one, it will
use the bin that specified for toll rate messages in the DMS configuration to determine
which bin to use. (By default, it will go into the "Toll Rate" bin). If the template does not
contain a toll rate field but does contain a travel time field, the message will be placed in the
bin specified for travel time messages in the DMS configuration. (By default, it will go into
the "Travel Time" bin). Once it is added to the queue, the message will follow priority and
message combination rules to determine what message is displayed to drivers. The system
will only allow one traveler information message to be active at a time, so it will deactivate
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any previously active message before activating the new one. The system will add an entry
to the operations log to record the message when a traveler information message is
displayed on the DMS.

4.2.4.2 Add Traveler Information Message Template (Use Case)

A user with sufficient privileges will be able to add a new traveler information DMS
message template. The user will specify a sign size for the template, and specify other
aspects of the template as defined in the Specify Traveler Information Message Template
use case.

4.2.4.3 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.2.4.4 Check Traveler Information Message Template For Banned Words (Use Case)

The system will check the traveler information message template for words that exist in the
banned words dictionary and will not allow the message to be saved if it contains banned
words.

4.2.4.5 Check Traveler Information Message Template Spelling (Use Case)

A user editing a traveler information message template will be able to perform a spell check
on the message template.

4.2.4.6 Configure Traveler Information Message Templates (Use Case)

A user with sufficient rights will be able to configure the available DMS message templates
that may be used for travel time / toll rate messages. The user will be able to add, edit,
remove, and view these templates.

4.2.4.7 Deactivate Traveler Information Message (Use Case)

The system will support deactivating an active traveler information message, causing it to
be removed from the arbitration queue. The message will be deactivated if the user disables
the message, if another traveler information message is activated, if the currently active
message or template is removed, or if the message becomes invalid or empty due to
changes in the travel route data. A travel time message can be deactivated as specified in
the travel time display schedule used by the DMS (the system-wide schedule or the
schedule specified for the DMS). Note that only traveler information messages with at least
one toll rate field are considered toll rate messages, not travel time messages, and therefore
are unaffected by the travel time schedule even if they also contain travel time fields. The
system will log a message to the operations log when a traveler information message is
deactivated, whether it was initiated by the user or automatically.
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4.2.4.8 Disable Traveler Information Message (Use Case)

The system shall allow a user with appropriate rights to disable a traveler information
message that was previously enabled for a DMS. Disabling a message causes the system to
deactivate it.

4.2.4.9 Edit Traveler Information Message Template (Use Case)

A user with sufficient privileges will be able to edit an existing traveler information DMS
message template. The user cannot change the sign size for an existing template, but can
change any other attribute as described in the Specify Traveler Information Message
Template use case.

4.2.4.10 Enable Traveler Information Message (Use Case)

The system shall allow a user with appropriate rights to enable a traveler information
message that has been configured for a DMS. Enabling a traveler information message
allows it to be activated by the system.

4.2.4.11 Format Traveler Information Message (Use Case)

The system will format the traveler information message to obtain the final MULTT string
to be sent to the DMS or displayed to the user. This formatting algorithm will use the
settings specified in the traveler information message, which includes the message template
and the travel routes. If available, the system will use current data from the travel route(s)
used by the message. If a travel route cannot supply current data, the behavior will depend
on a flag indicating whether to use dummy data for missing travel route data. The use of
dummy data would apply if the message is being formatted for a message editor or
simulation graphic. If it is not using dummy data (e.g., if it's building a message for use on
the DMS), it will exclude the missing travel route data from the message and any associated
message text, using the rules specified in the template (i.e., discard the row, page, or
message). After the tags are replaced with data and any invalid portions of the message are
discarded, the system will apply the automatic row formatting algorithm if it is requested in
the message settings. If a page has one line of text, it will be placed on line two of a 3 or 4
line DMS. If a page has two lines of text, it will be placed on lines one and three of a 3 or 4
line DMS. If a page has three lines of text, it will be placed on the first three lines of a 3 or
4 line DMS.

4.2.4.12 Monitor Travel Time Schedule (Use Case)

If a message is a travel time message (and does not include toll rates) and is currently
enabled, the system will use the travel time schedule (system-wide by default unless
overridden in the DMS settings) to determine when to put the travel time message on the
sign. If the active message is a travel time message, the system will use the travel time
schedule to determine when to deactivate the message. It will activate or deactivate the
message at the appropriate times.
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4.2.4.13 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.2.4.14 Remove Traveler Information Message Template (Use Case)

A user with sufficient privileges will be able to remove a traveler information DMS
message template from the system. The system will prompt the user for confirmation
before removing the template. The system will prevent the template from being removed if
it is used by a DMS.

4.2.4.15 Replace Traveler Information Message Template Tags (Use Case)

The system will replace tags in the traveler information message template when formatting
the message. A destination tag will be replaced with the preferred, alternate 1, or alternate
2 destination name for a travel route will be used such that it fits within the allocated space
for the tag. (Note that the destination tag can occupy all remaining space on a row, or it can
be a fixed number of characters). The destination name will be justified within the space
allocated for it using the justification specified in the message template. A travel time tag
will be replaced with the actual travel time, using the format specified in the template. A
travel time range tag will be replaced with a travel time range, according to the format
specified in the template. The values for the range will be calculated by using the actual
travel time and adding / subtracting the specified number of minutes as specified in the
system profile. If a travel time falls below the minimum travel time specified for the travel
route, the minimum value for the travel route will be used. The travel time / travel time
range data will not be used if travel times are disabled for the travel route, the actual travel
time exceeds the maximum travel time specified for the travel route, or the data does not
meet the data quality threshold standard for a number of links exceeding the number
specified for the travel route. A toll rate tag will be replaced with the toll rate, using the
format specified in the message template. If toll rates are disabled for the travel route, the
toll rate will not be used in the message. A toll rate time tag will be replaced with the latest
toll rate time from any of the toll rate source (travel routes) used in the message for which
toll rates are not disabled. The toll rate time will use the format specified in the message
template. If toll rates are unavailable or disabled for all travel routes used for toll rates in
the message, the toll rate time will not be used in the message. A route length tag will be
replaced with the route length, using the format specified in the message template. For all
tag types containing numbers, the numbers will be right justified within the space allocated
for them within the tag, according to the specified format. If a travel route is not found, if it
cannot provide the required data, or if the data is too large to fit in the allocated space, those
tags will be ignored and the rules for missing data as specified in the message template will
be applied.

4.2.4.16 Specify Traveler Information Message Template (Use Case)

A user adding or editing a traveler information DMS message template will be able to
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specify a DMS message template for later use, which can be up to 2 pages long. The user
will be able to edit the contents of each row of the message using a combination of freeform
text and/or "tags" which act as placeholders for travel route information that will be filled in
later. The user will be able to specify the line justification for each row (left, center, right).
Tags types will include: destination name, travel time, travel time range, toll rate, toll rate
time, and route length. These tags (with the exception of toll rate time) contain an index
corresponding to a travel route to be assigned when the template is configured for a specific
DMS. The use of indexes will allow data for multiple routes to be represented in the same
template, and up to 6 routes may be used. By default the "destination" tag occupies all
remaining space on a row of the message (negating any line justification for that row), but
the user can also restrict a destination tag to a specified size. The user will be able to
specify the justification within all destination tags (left/right/center) in case there is extra
space. The other tags - travel time, travel time range, toll rate, toll rate time, and route
length - all contain numbers. Within the numeric portion(s) of the tags the numbers will be
right justified. For each of the numeric tag types that are used in the message, the user will
be able to select one of several different number formats of various lengths, which may be
necessary to get the message to fit on smaller signs. The user can specify the behavior to
follow if an assigned travel route cannot provide the data at run time, including: discarding
the row, discarding the page, or discarding the entire message. The user can also specify
the page on / page off times for the message, and the description for the template. If the
text of the message becomes too long for a row when the user is editing, the system will
display a warning message.

4.2.4.17 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.2.4.18 Update Traveler Information Message (Use Case)

The system will update an active traveler information message when new data is received
for the travel routes in the message. The system will update the message if the travel route
settings are modified (for example, if travel times and/or toll rates are enabled or disabled).
The system will also update the message if the message template is changed (e.g., by the
user), or if the message is changed as it is configured for a DMS. The system will reformat
the message and will update the message on the DMS if the message has changed. The
message will remain on the arbitration queue during this process and will not lose its place
on the queue unless the new data causes the message to become invalid or empty, in which
case it will be automatically deactivated. The system will add an entry to the operations log
to record the message when a traveler information message is updated on the DMS.

4.2.4.19 View DMS Traveler Information Messages (Use Case)

The system will allow the user to view the traveler information messages configured for a
DMS. It will display a graphical representation of the message, using actual data from the
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routes if available, or dummy data if not available. It will also display the enabled /
disabled status of the messages.

4.2.4.20 View Traveler Information Message Templates (Use Case)

A user with sufficient rights will be able to view the list of traveler information DMS
message templates. The system will display the template name, sign size, textual and
graphical representations of the message. It will also display a representation of the formats
used in the template for travel time, travel time range, toll rate, toll rate time, and route
length. The list will be sortable on template name, sign size, travel time format, travel time
range format, toll rate format, toll rate time format, and route length format. The list will be
filterable on sign size, travel time format, travel time range format, toll rate format, toll rate
time format, and route length format. The filterable values for the formats will include
values indicating whether or not the template contains a tag of the corresponding type.

4.2.4.21 View Traveler Information Message True Display (Use Case)

The system shall allow the user to preview the traveler information message as a graphical
representation. The message will be formatted for display as described in the Format
Traveler Information Message use case. The graphic will be updated if the message
changes (although if the message exceeds the sign size, the image may not be updated).
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4.2.5 R3B3ManageDeviceQueue (Use Case Diagram)

This diagram shows uses of the system related to managing device message queues. For
R3B3, the existing message queue functionality is being enhanced to support traveler
information messages. Two new queue priorities are being added for travel time and toll
rate messages. Traveler information messages will be added to the DMS device queue
when activated by the system, and will be removed from the DMS device queue when
deactivated by the system.
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4.2.5.1 Activate Traveler Information Message (Use Case)

The system will activate a traveler information message on a DMS when the traveler
information message has been enabled by the user, or if a currently enabled travel time
message is currently not active due to the travel time display schedule and the schedule now
indicates travel time messages may be displayed. The message will be activated on the
device even if the device is not used by a traffic event. The system will format the message
and place it on the DMS's arbitration queue. The level at which the message is added will
be determined by whether a toll rate field is in the message template. If there is one, it will
use the bin that specified for toll rate messages in the DMS configuration to determine
which bin to use. (By default, it will go into the "Toll Rate" bin). If the template does not
contain a toll rate field but does contain a travel time field, the message will be placed in the
bin specified for travel time messages in the DMS configuration. (By default, it will go into
the "Travel Time" bin). Once it is added to the queue, the message will follow priority and
message combination rules to determine what message is displayed to drivers. The system
will only allow one traveler information message to be active at a time, so it will deactivate
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any previously active message before activating the new one. The system will add an entry
to the operations log to record the message when a traveler information message is
displayed on the DMS.

4.2.5.2 Add Message To Device Queue (Use Case)

When a traffic event response plan is executed, the specified messages are placed in the
specified devices' arbitration queues. A message may also be placed in a device's
arbitration queue when a traveler information message is activated on a DMS. When an
item is added to an arbitration queue, it is held with other messages that have been added to
the queue. The system selects the highest priority message to display / play on the device.
A message that does not have the highest priority at one time may become the message with
highest priority in the future due to messages being removed from the queue or by manual
intervention by an operator. For R3B3, two new message queue priorities are being added
to the arbitration queue for traveler information messages. The "Toll Rate" priority (7) is
the default priority for traveler information messages that contain at least one toll rate field.
The "Travel Time" priority (6) is the default priority for traveler information messages that
contain at least one travel time field but no toll rate fields. These default priorities can be
overridden for each DMS, causing traveler information messages to be added to the queue
with a priority as specified by an administrator rather than these defaults. The system stores
the event a message is associated with and the operations center responsible for the message
if the message is activated via a traffic event response. These fields do not apply to traveler
information messages.

4.2.5.3 Blank DMS (Use Case)

A DMS can be blanked when the DMS is online or in maintenance mode. When the DMS
is online, it is only blanked by the device's arbitration queue when the arbitration queue
becomes empty. When the DMS is in maintenance mode, the DMS can be blanked directly
by the user if they have the proper functional rights.

A DMS can be blanked indirectly by other commands, such as placing the device online,
offline or in maintenance mode or by resetting the device.

When a DMS that has beacons is blanked, its beacons are turned off.

4.2.5.4 Blank HAR (Use Case)

A HAR can be blanked if it is online or in maintenance mode. When the HAR is online,
the device is only blanked if there are no traffic events that have currently requested that a
message be placed on the device. When the HAR is in maintenance mode, the HAR can be
blanked directly by the user.

A HAR can be blanked indirectly through administrative functions such as placing the
device online or resetting the device.

When a HAR is blanked, the system will set the HAR's default message to be the current
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message. Additionally, the system will deactivate any associated active SHAZAMs before
blanking the HAR itself.

4.2.5.5 Deactivate Traveler Information Message (Use Case)

The system will support deactivating an active traveler information message, causing it to
be removed from the arbitration queue. The message will be deactivated if the user disables
the message, if another traveler information message is activated, if the currently active
message or template is removed, or if the message becomes invalid or empty due to
changes in the travel route data. A travel time message can be deactivated as specified in
the travel time display schedule used by the DMS (the system-wide schedule or the
schedule specified for the DMS). Note that only traveler information messages with at least
one toll rate field are considered toll rate messages, not travel time messages, and therefore
are unaffected by the travel time schedule even if they also contain travel time fields. The
system will log a message to the operations log when a traveler information message is
deactivated, whether it was initiated by the user or automatically.

4.2.5.6 Evaluate Device Queue Entries (Use Case)

When the contents of a device queue are altered, it shall evaluate the entries on the queue to
determine what action (if any) to take on its associated device. When a device queue
becomes empty, it shall blank its corresponding device. When a device queue is evaluated
and it is not empty, it shall choose the highest priority message and set this message as the
device's current message if it is not set already.

4.2.5.7 Evaluate DMS Device Queue Entries (Use Case)

The system shall evaluate entries placed on a DMS's arbitration queue in response to traffic
events. The system shall use a priority algorithm to determine which message shall be
placed on the DMS device. The system shall evaluate entries when a new entry is added,
when an entry is removed, and when notified by the DMS device object that a previous
asynchronous request has completed. When the queue is evaluated, the highest priority
message shall be set on the DMS device, unless it is currently already set on the DMS
device. When an evaluation occurs and the queue has become empty, the queue shall blank
the DMS. The queue shall allow the concatenation of 2 single page messages to be set on
the DMS device according to certain rules and configuration settings. The rules that govern
this message concatenation feature are specified in the system profile.

4.2.5.8 Evaluate HAR Device Queue Entries (Use Case)

The system shall evaluate entries placed on a HAR's arbitration queue in response to traffic
events. The system shall use a priority algorithm to determine which message shall be
placed on the HAR device. The system shall evaluate entries when a new entry is added,
when an entry is removed, and when notified by the HAR device object that a previous
asynchronous request has completed. When the queue is evaluated, the highest priority
message shall be set on the HAR device, unless it is already currently set on the HAR
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device. When an evaluation occurs and the queue has become empty, the queue shall set
the HAR device to its default message. The queue shall allow the concatenation of multiple
messages to be set on the HAR device as the recording space on the HAR allows and
according to configuration settings and concatenation rules. The rules that govern this
feature are specified by an administrator in the system profile.

4.2.5.9 Execute Response (Use Case)

An operator with the correct functional rights may execute the response plan for a particular
traffic event. Performing this operation will place the message from each response plan
item on the arbitration queue of the corresponding device.

4.2.5.10 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.2.5.11 Prioritize Device Queue (Use Case)

A user with the proper functional rights can manually change the priority of items on a
device's queue to override the queue's automated prioritization scheme. If this manual re-
prioritization causes a message on the queue to have a priority higher than the message that
is currently on the device, the device's queue will change the message to the message of
highest priority.

4.2.5.12 Remove Message From Device Queue (Use Case)

When a response plan item is removed from a traffic event's response plan, the item
removes its message from the queue of the device specified in the item. This causes the
queue to evaluate the remaining messages on the queue (if any) and either set the device to
the next highest priority message or blank the device.

4.2.5.13 Respond To Traffic Events (Use Case)

A user with proper functional rights can create a response plan associated with a traffic
event. This response plan defines DMS and HAR devices to be used to help manage the
traffic event along with the message to be placed on each device. After setting up or
changing entries in a response plan, the user can execute the plan. The user can also
execute individual items in the plan. When a user no longer wishes to use a specific device
in the response to the traffic event, the user may remove the item from the response plan.
When the user closes the traffic event, all items used in the traffic event response plan are
automatically removed. The inclusion of a device in a response plan is a request by the user
for the device to display the message. The message is only displayed if there are no traffic
events of higher priority that have also requested that a message be displayed on the device.
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4.2.5.14 Revoke Response Items (Use Case)

A user with the proper functional rights can remove a device from the response plan of a
traffic event. The system will also automatically perform this operation when a traffic
event is closed. When a response plan item is removed from the response plan, the message
specified in the item is removed from the specified device's arbitration queue.

4.2.5.15 Set DMS Message (Use Case)

The message on a DMS can be set when the DMS is online or in maintenance mode. When
the DMS is online, the message is set by the DMS's arbitration queue. This queue sets the
message of the DMS to be the message that is on the queue that has the highest priority.
When the DMS is in maintenance mode, an operator with proper functional rights can set
the message on a DMS directly.

4.2.5.16 Set HAR Message (Use Case)

A HAR's message is set through the execution of an event response plan or set directly by
an administrator when the device is in maintenance mode. The message activation may
specify messages which were previously stored in message slots in the controller or a
message that was created using the HAR message editor.

When activating a HAR message created by the message editor the user may choose to use
the default header and trailer or just use the message body for the entire message. Messages
activated in this manner shall be loaded into the HAR controller in the slot designated for
immediate broadcast.

A HAR message activation also specifies if each associated SHAZAM should be activated
or not.

4.2.5.17 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.2.5.18 View Device Queue (Use Case)

An operator with proper functional rights can view the messages that are queued for a
device. The user shall be able to see the actual message to be set or a description of the
message (in the case of a voice message) and the current priority of each message.
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4.2.6 R3B3ConfigureDMSTravelerinfoMsgSettings (Use Case Diagram)

This diagram shows use cases related to configuring the DMS settings related to traveler
information messages.
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Figure 4-6 R3B3ConfigureDMSTravelerInfoMsgSettings (Use Case Diagram)

4.2.6.1 Add Travel Route to DMS (Use Case)
The user shall be able to add a travel route to a DMS so that it is available for selection
when configuring traveler information messages for the DMS.

4.2.6.2 Add Traveler Information Message (Use Case)

A user with sufficient rights will be able to add a traveler information message to a DMS,
so that the message will be available for later use by an operator. A newly added message
will be disabled by default.

4.2.6.3 Administrator (Actor)
An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.2.6.4 Edit Traveler Information Message (Use Case)

A user with sufficient rights will be able to edit a traveler information message that was
previously added to a DMS. The user will be able to change anything specified when
adding the message to the DMS (which does not include editing the message template
itself). See the Specify Traveler Information Message Format use case for details.

4.2.6.5 Remove Travel Route From DMS (Use Case)

The user shall be able to remove a travel route from a DMS so that it is no longer available
for selection when configuring traveler information messages for the DMS.
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4.2.6.6 Remove Traveler Information Message (Use Case)

A user with sufficient rights will be able to remove a traveler information message that was
previously added to a DMS. The system will ask the user for confirmation, and will
automatically disable the message before removing it.

4.2.6.7 Set DMS Travel Time Display Schedule (Use Case)

The system shall allow a user with appropriate rights to set the travel time display schedule
for a DMS. The user can choose to use the system-wide schedule or to override it for the
DMS. The schedule shall include one or more time ranges when travel times should be
displayed, or it may be a 24/7 schedule.

4.2.6.8 Specify Traveler Information Message Format (Use Case)

The system shall allow a user with appropriate rights to set the format used to display a
traveler information message for a DMS. The user will be able to select one of the
previously defined message templates that exactly match the sign size. The system will
display a textual representation of the message template including the tags, which contain
index values indicating which travel route selection will serve as the data source for the tag.
For each travel route index used in the message, the user will be able to select from among
the travel routes associated with the DMS that can provide the data to satisfy all tags having
the given index. The default travel route of "None" will always be available, and this will
be the only option if there are no associated travel routes that can supply the data requested
by the tag. When specifying the message, a graphical representation of the message will be
displayed, and it will use actual data from the source if available, or dummy data if not
available. (See the View Traveler Information Message True Display use case for details).
(If routes are not selected (i.e., "None" is selected), the graphic will degrade according to
the rules specified in the template.) The user will be able to specify whether the rows of the
message (after the message is degraded due to missing data, if any) will be aligned
automatically.

4.2.6.9 Specify DMS Traveler Information Message Settings (Use Case)

A user with appropriate rights shall be permitted to configure a DMS for displaying traveler
information messages for travel times and/or toll rate information. The user will be able to
associate travel routes with the DMS to make them available for use by the message
templates, and the user will be able to view the currently associated travel routes. The user
will be able to manage (create, edit, delete, and view) traveler information messages for a
DMS. Traveler information messages use pre-defined message templates and associated
travel routes. The traveler information messages are configured in advance for a DMS so
that an operator can use the messages without having to edit them. The user will be able to
specify the arbitration queue levels at which travel time and toll rate messages will be
added. (By default, these levels will be the Travel Time and Toll Rate levels, but other
levels may be selected). The user will be able to specify a travel time display schedule for a
DMS that overrides the system-wide display schedule. See the specific use cases for
details.
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4.2.6.10 View Associated Travel Routes (Use Case)

The system shall allow the user to view the travel routes associated with the DMS.

4.2.6.11 View DMS Traveler Information Messages (Use Case)

The system will allow the user to view the traveler information messages configured for a
DMS. It will display a graphical representation of the message, using actual data from the
routes if available, or dummy data if not available. It will also display the enabled /
disabled status of the messages.

4.2.6.12 View Traveler Information Message True Display (Use Case)

The system shall allow the user to preview the traveler information message as a graphical
representation. The message will be formatted for display as described in the Format
Traveler Information Message use case. The graphic will be updated if the message
changes (although if the message exceeds the sign size, the image may not be updated).
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4.3 Device Enhancements

4.3.1 R3B3ConfigureDevices (Use Case Diagram)

This use case diagram shows use cases related to device configurations.
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Figure 4-7 R3B3ConfigureDevices (Use Case Diagram)

4.3.1.1 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.3.1.2 Configure NTCIP DMS (Use Case)

The system shall allow a user with appropriate rights to configure an NTCIP DMS. This
feature exists in R3B2 and is being enhanced in R3B3 to include the setting of the default
font and line spacing.
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4.3.1.3 Configure Camera (Use Case)

The system shall allow a user with appropriate rights to configure cameras. This feature
exists in R3B2 and is being enhanced in R3B3 to include more location information.

4.3.1.4 Configure Detector (Use Case)

The system shall allow a user with appropriate rights to configure the settings for a detector
(TSS), unless it is an external device. This feature exists in R3B2 and is being enhanced in
R3B3 to include more location information and the ability to use TCP/IP to communicate
with the device.

4.3.1.5 Configure DMS (Use Case)

The system shall allow a user with appropriate rights to configure the settings for a DMS,
unless it is an external DMS. This feature exists in R3B2 and is being enhanced in R3B3 to
include more location information, configuration of traveler information message settings
and the ability to use TCP/IP for communication. For NTCIP DMSs, settings are being
added for default font and line spacing. Settings will include the operations center to send
an alert to when the DMS goes into hardware failure, the operations center to send an alert
to when the DMS goes into communications failure, the notification group to send a
notification to when the DMS goes into hardware failure, and the notification group to send
a notification to when the DMS goes into communication failure.

4.3.1.6 Configure HAR (Use Case)

The system shall allow a user with appropriate rights to configure HAR devices. This
feature exists in R3B2 and is being enhanced in R3B3 to include more location information.

4.3.1.7 Configure SHAZAM (Use Case)

The system shall allow a user with appropriate rights to configure SHAZAM devices. This
feature exists in R3B2 and is being enhanced in R3B3 to include more location information.

4.3.1.8 Delete External DMS (Use Case)

The system shall allow a suitably privileged user to delete an external DMS from the
CHART system. When doing so, the DMS shall remain as a candidate DMS that is marked
as being excluded from the CHART system. The administrator can choose to include the
DMS at a later time.

4.3.1.9 Delete External TSS (Use Case)

The system shall allow a suitably privileged user to delete an external TSS from the
CHART system. When doing so, the TSS shall remain as a candidate TSS that is marked
as being excluded from the CHART system. The administrator can choose to include the
TSS at a later time.
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4.3.1.10 Remove DMS (Use Case)

A user with appropriate rights can remove a DMS from the CHART system.

4.3.1.11 Remove TSS (Use Case)

A user with appropriate rights can remove a TSS from the CHART system.

4.3.1.12 Set Device Location (Use Case)

The system shall allow a user with appropriate rights to set the location information for a
device, including: location description, latitude/longitude, state, county, route type, route
number (or name, and flag to indicate which to use), direction (including bidirectional
directions), proximity to intersecting feature (intersection or state milepost), and
intersecting feature information. The intersecting feature information will include state
milepost number or intersecting route type, route number (or name, and flag to indicate
which to use). The system will validate the geographical coordinates (if entered) against
system-wide bounds defined in the system profile to make sure that they are not
unreasonable. The location description is a required field, and it will be automatically
generated by the system but may be overridden by the user. The system will prompt for
confirmation when the user attempts to override the generated location description.

4.3.1.13 Specify DMS Traveler Information Message Settings (Use Case)

A user with appropriate rights shall be permitted to configure a DMS for displaying traveler
information messages for travel times and/or toll rate information. The user will be able to
associate travel routes with the DMS to make them available for use by the message
templates, and the user will be able to view the currently associated travel routes. The user
will be able to manage (create, edit, delete, and view) traveler information messages for a
DMS. Traveler information messages use pre-defined message templates and associated
travel routes. The traveler information messages are configured in advance for a DMS so
that an operator can use the messages without having to edit them. The user will be able to
specify the arbitration queue levels at which travel time and toll rate messages will be
added. (By default, these levels will be the Travel Time and Toll Rate levels, but other
levels may be selected). The user will be able to specify a travel time display schedule for a
DMS that overrides the system-wide display schedule. See the specific use cases for
details.

4.3.1.14 Specify TCPIP device connection (Use Case)

The system shall allow a user with appropriate rights to specify TCP/IP connection
information for a device, including the IP address and port for the device.
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4.3.2 R3B3ViewDeviceLists (Use Case Diagram)

This diagram shows use cases related to the operator viewing device lists. In R3B3, the
operator can configure the specific columns displayed.

ViewDMS List

View Detector List

Figure 4-8 R3B3ViewDeviceLists (Use Case Diagram)

4.3.2.1 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.3.2.2 Set Column Visibility (Use Case)

The user can choose to show or hide columns that appear within a list. The user cannot
hide the column that contains the object's name. The system will persist the user's choices
for columns to be displayed per list type, and will display the same columns the next time
the list is displayed. Preferences will be stored as cookies on the user's machine.

4.3.2.3 View Camera List (Use Case)

The system will allow a user with appropriate rights to view the list of cameras defined in
the system. This feature exists in R3B2 and is enhanced for R3B3. New columns will
include the route, county, direction, milepost, owning organization, and connection site. To
save screen space, the visible columns will be selectable. Several of the new columns
(milepost, owning organization, and connection site) will be hidden by default to save
space. The user will be able to sort the camera list by county, route, direction, connection
site, state milepost, and owning organization name (in addition to the columns that already
support sorting in R3B2). The user will be able to filter the camera list by county, route,
direction, connection site, and owning organization name (in addition to the columns that
already support sorting in R3B2).

CHART R3B3 Detailed Design 4-34 12/23/2008



4.3.2.4 View Detector List (Use Case)

The system will allow a user with appropriate rights to view the list of detectors (T'SSs)
defined in the system. This feature exists in R3B2 and is enhanced for R3B3 to show new
columns and to show either the actual or summary speeds for a detector based on the user's
rights and the owning organization of the detector. New columns will include the route,
county, direction, milepost, owning organization, port managers, and connection site. To
save screen space, the visible columns will be selectable. Several of the new columns
(milepost, owning organization, port managers, and connection site) will be hidden by
default to save space. The user will be able to sort the TSS list by county, route, direction,
port manager names, connection site, state milepost, and owning organization name (in
addition to the columns that already support sorting in R3B2). The user will be able to
filter the TSS list by county, route, direction, port manager names, connection site, and
owning organization name (in addition to the columns that already support sorting in
R3B2). The system will allow the user to filter the list to include or exclude external TSSs
and/or internal (CHART) TSSs if the user has rights to view external TSSs; otherwise,
external TSSs will be filtered out. If external TSSs are displayed, the user will be able to
filter the list by agency.

4.3.2.5 View DMS List (Use Case)

The system will allow a user with appropriate rights to view the list of DMSs defined in the
system. This feature exists in R3B2 and is enhanced for R3B3. New columns will include
the route, county, direction, milepost, owning organization, port managers, connection site,
and travel time schedule overridden indicator. To save screen space, the visible columns
will be selectable. Several of the new columns (milepost, owning organization, port
managers, connection site, and travel time schedule overridden indicator) will be hidden by
default to save space. The user will be able to sort the DMS list by county, route, direction,
port manager names, connection site, travel time schedule overridden indicator, state
milepost, and owning organization name (in addition to the columns that already support
sorting in R3B2). The user will be able to filter the DMS list by county, route, direction,
port manager names, connection site, travel time schedule overridden indicator, and owning
organization name (in addition to the columns that already support sorting in R3B2). The
system will allow the user to filter the list to include or exclude external DMSs and/or
internal (CHART) DMSs if the user has rights to view external DMSs; otherwise, external
DMSs will be filtered out. If external DMSs are displayed, the user will be able to filter the
list by agency.

4.3.2.6 View HAR List (Use Case)

The system will allow a user with appropriate rights to view the list of HARs defined in the
system. This feature exists in R3B2 and is enhanced for R3B3. New columns will include
the route, county, direction, milepost, owning organization, port managers, and connection
site. To save screen space, the visible columns will be selectable. Several of the new
columns (milepost, owning organization, port managers, and connection site) will be hidden
by default to save space. The user will be able to sort the HAR list by county, route,
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direction, port manager names, connection site, state milepost, and owning organization
name (in addition to the columns that already support sorting in R3B2). The user will be
able to filter the HAR list by county, route, direction, port manager names, connection site,
and owning organization name (in addition to the columns that already support sorting in
R3B2).

4.3.2.7 View Monitor List (Use Case)

The system shall allow a user with the proper rights to view a list of monitors defined in the
system. This feature exists in R3B2 and is enhanced in R3B3. A network connection site
column will be added, which will be hidden by default, but (when visible) will allow the
user to sort and filter the list by connection site name. To save screen space, the visible
columns will be selectable.

4.3.2.8 View SHAZAM List (Use Case)

The system will allow a user with appropriate rights to view the list of SHAZAMs defined
in the system. This feature exists in R3B2 and is enhanced for R3B3. New columns will
include the route, county, direction, milepost, owning organization, port managers, and
connection site. To save screen space, the visible columns will be selectable. Several of
the new columns (milepost, owning organization, port managers, and connection site) will
be hidden by default to save space. The user will be able to sort the SHAZAM list by
county, route, direction, port manager names, connection site, state milepost, and owning
organization name (in addition to the columns that already support sorting in R3B2). The
user will be able to filter the SHAZAM list by county, route, direction, port manager
names, connection site, and owning organization name (in addition to the columns that
already support sorting in R3B2).
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4.3.3 R3B3ViewDeviceDetails (Use Case Diagram)

This diagram illustrates the functionality to display detailed device information. For R3B3,
device location information will be enhanced for most device types. DMS and TSS details
include TCP/IP configuration data. DMS details include traveler information messages and
NTCIP message settings. The system enforces rights to restrict access to sensitive device
configuration information, external DMS's/TSS's, and detailed lane specific data for TSS's.
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Figure 4-9 R3B3ViewDeviceDetails (Use Case Diagram)

4.3.3.1 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.3.3.2 View Associated Travel Routes (Use Case)

The system shall allow the user to view the travel routes associated with the DMS.

4.3.3.3 View Camera Details (Use Case)

The system shall allow a user with appropriate rights to view the details of a camera. This
feature exists in R3B2 and is enhanced in R3B3 to show additional location information.

4.3.3.4 View Detector Details (Use Case)

The system shall allow a user with appropriate rights to view the details of a detector (TSS).
This feature exists in R3B2 and is enhanced in R3B3 to show additional fields and to
provide a read-only version for external detectors. New user rights are also added in R3B3
to allow more granular control of the data displayed on the page based on the device's
organization and the rights granted to the user. Two new user rights will determine the type
of Volume, Speed, and Occupancy (VSO) data the user will see - either the actual VSO
data, just a speed range, or no VSO data. Another new user right will determine if the user
can view sensitive configuration data for a TSS.
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4.3.3.5 View Device Location Details (Use Case)
The system shall allow a user with appropriate rights to view the location information for a
device.

4.3.3.6 View DMS Details (Use Case)

The system shall allow a user with appropriate rights to view the details of a DMS device.
This feature exists in R3B2 and is enhanced in R3B3 to show additional fields, and to
provide a read-only version for external DMSs.

4.3.3.7 View DMS Traveler Info Message Settings (Use Case)
The system shall allow a user with proper rights to view the DMS settings related to
traveler information messages.

4.3.3.8 View DMS Traveler Information Messages (Use Case)

The system will allow the user to view the traveler information messages configured for a
DMS. It will display a graphical representation of the message, using actual data from the
routes if available, or dummy data if not available. It will also display the enabled /
disabled status of the messages.

4.3.3.9 View HAR Details (Use Case)
The system shall allow a user with appropriate rights to view the details of a HAR device.
This feature exists in R3B2 and is enhanced in R3B3 to show location information.

4.3.3.10 View Lane Specific Data (Use Case)

The system shall allow a user with appropriate rights to view the lane specific data for a
detector, as provided by the detector. For an RTMS detector, this will likely be a lane
number (0-7) and associated traffic parameters (speed, vol, occ).

4.3.3.11 View NTCIP Font Settings (Use Case)
The system shall display the font related settings for NTCIP model DMSs. This includes
the default font number and default line spacing.

4.3.3.12 View SHAZAM Details (Use Case)

The system shall allow a user with appropriate rights to view the details of a SHAZAM
device. This feature exists in R3B2 and is enhanced in R3B3 to show additional location
information.

4.3.3.13 View TCP IP Port Configuration (Use Case)

The system shall allow a user with proper rights to view the TCP/IP connection
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configuration for a device that supports such connections.

4.3.3.14 View Travel Time Message Schedule (Use Case)

The system shall allow the user to view the travel time display schedule for the DMS. The
schedule specifies when travel times may be displayed on the DMS. Whether or not travel
times are actually displayed depend on whether or not a traveler information message is
currently active and whether or not it includes travel times.

4.3.3.15 View Traveler Information Message True Display (Use Case)

The system shall allow the user to preview the traveler information message as a graphical
representation. The message will be formatted for display as described in the Format
Traveler Information Message use case. The graphic will be updated if the message
changes (although if the message exceeds the sign size, the image may not be updated).
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4.3.4 R3B3ManageTrafficEvents (Use Case Diagram)
This diagram shows use cases related to managing traffic events. In R3B3, the operator can

find close devices and add them to an event's response plan. R3B3 introduces the ability to
transfer traffic event responsibility between Op Centers. New rights for controlling access
to traffic event details data are included in R3B3. In R3B3 associations are automatically

made between CHART and external events. In addition, new columns are added to the

traffic event list.
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Figure 4-10 R3B3ManageTrafficEvents (Use Case Diagram)

4.3.4.1 Add Close DMS to Response Plan (Use Case)
The system allows appropriately privileged users to add a DMS listed as "close" to a traffic

event to the event's response plan. The DMS will be added without a message. This
feature only applies to CHART DMSs (External DMSs are excluded).

4.3.4.2 Add Close HAR to Response Plan (Use Case)
The system allows appropriately privileged users to add a HAR listed as "close" to a traffic

event to the event's response plan. The HAR will be added with the HAR's default (empty)
12/23/2008
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message.

4.3.4.3 Associate CHART Event with External Event (Use Case)

The system shall allow a CHART event to be associated with an event imported from an
external system. This feature exists in R3B2 and will be enhanced in R3B3 to perform this
association automatically if an external event is used to create a new opened CHART event.

4.3.4.4 Create CHART Event from External Event (Use Case)

The system shall allow a user with proper rights to create a new, opened CHART event
using the data from an existing external event. The system shall automatically create an
association between the new event and the external event.

4.3.4.5 Create Traffic Event 1 (Use Case)

The user can create a new traffic event. This functionality is being updated in R3B3 to
assign an owning organization to the traffic event when it is created. The owning
organization assigned will be the owning organization of the user's operations center.

4.3.4.6 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.3.4.7 Set Close Device Radius (Use Case)

The user can select the radius used to define how close a device must be to the event for the
device to be shown in the "close devices" section of an event details page. The user's radius
setting for an event will stay in effect until the user changes the setting or they log out, even
if they navigate away from the event details page and return to it at a later time.

4.3.4.8 Set Column Visibility (Use Case)

The user can choose to show or hide columns that appear within a list. The user cannot
hide the column that contains the object's name. The system will persist the user's choices
for columns to be displayed per list type, and will display the same columns the next time
the list is displayed. Preferences will be stored as cookies on the user's machine.

4.3.4.9 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.
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4.3.4.10 Transfer Resources (Use Case)

The system allows the user to transfer controlled resources to another operations center that
has logged in users. This is usually done when the last user at an operations center needs to
log out but still has resources for which they are responsible. This feature provides a way
for the user to hand off responsibility to another center, allowing the user to be permitted to
log out. (The system prevents the last user from logging out of a center if that center has
controlled resources.)

4.3.4.11 Transfer Traffic Event (Use Case)

The user can transfer a traffic event from their center to another center. In R3B3, this
feature is enhanced to change the owning organization of the traffic event to the owning
organization of the operations center to which the event is transferred.

4.3.4.12 View Devices Near Event (Use Case)

The system shall allow users with appropriate rights to view devices that are located close
to a traffic event. This will appear as a separate section in the traffic event details page that
is initially hidden, and can be expanded to show a heading for each device type, each of
which can be expanded to show the devices of that type. The following device types are
included: DMS, HAR, Detector, and Camera (including their local monitor usage). Details
for each device (as available) will be shown as follows: DMS: Name/Location Description,
Distance from the event, Route, Direction, Intersecting Feature, Current Message, Current
Beacon State, Current Mode, and Current Status; HAR: Name/Location Description,
Distance from the event, Route, Direction, Intersecting Feature, Current Mode, Current
Status, and Current Transmitter Status; Detector: Name/Location Description, Distance
from the event, Route, Direction, Intersecting Feature, Current Mode, Current Status, and
Average Speed. The display of average speed will be dependent on the user's rights and the
detector's owning organization, so for each detector the user may see the average speed,
average speed range, or no data; Camera: Name/Location Description, Distance from the
event, Route, Direction, Intersecting Feature, Current Mode, Current Status,L.ocal monitors
where displayed, and controlling operations center. This feature will only be available for
traffic events that have a latitude and longitude specified, and for devices that have latitude
and longitude defined. External devices that were imported into the CHART system will be
included in the list of close devices if they fall within the specified radius of the event and
will be marked such that the user can distinguish CHART devices from External devices.

4.3.4.13 View Lane Closed Percent (Use Case)

The user can view the percent of lanes closed for a traffic event while viewing a traffic
event list. By default, this column will be hidden and the user must explicitly choose to
display this column. Sorting and filtering will be permitted on this field.

4.3.4.14 View Network Connection Site (Use Case)

The user can view the network connection site of a traffic event while viewing a traffic
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event list. By default, this column will be hidden and the user must explicitly choose to
display this column. Sorting and filtering will be permitted on this field.

4.3.4.15 View Time Last Modified (Use Case)

The user can view the time a traffic event was last modified while viewing a traffic event
list. By default, this column will be hidden and the user must explicitly choose to display
this column. Sorting and filtering will be permitted on this field.

4.3.4.16 View Time Opened (Use Case)

The user can view the time a traffic event was opened while viewing a traffic event list. By
default, this column will be hidden and the user must explicitly choose to display this
column. Sorting and filtering will be permitted on this field.

4.3.4.17 View Traffic Event List (Use Case)

The ability to view a list of traffic events is enhanced in R3B3 to allow users to choose to
show / hide columns. A couple of new columns are also being added that previously were
sort columns (via a list box at the top of the page) but were not viewable. The traffic event
list will restrict access to information based on a user's rights and the organization of the
traffic event. The restricted information will include the ability to see external events, and
the use of the word "fatality" in the traffic event name and incident type.

4.3.4.18 View Traffic Event Details (Use Case)

A user with appropriate rights shall be permitted to view the details for an event. This
feature exists in R3B2 and is being enhanced in R3B3 to show new fields, such as the
owning organization. The event details will be changed to restrict access based on user
rights and the organization of the traffic event. The restricted information will include the
use of the word "fatality" (in the name and incident type) and access to viewing the event's
history log.
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4.3.5 R3B3ManageDevices (Use Case Diagram)

This diagram shows uses of the system related to DMS and TSS Communication. For
R3B3, TCP/IP device communications is supported for DMS's and HARS. In addition,
R3B3 adds support for NTCIP compliant DMS messages.

/.\
Communicate
QWith DMS

_—
~Communicate
\_With TSS

System

Set NTCIP DMS
Message

Figure 4-11 R3B3ManageDevices (Use Case Diagram)

4.3.5.1 Communicate With DMS (Use Case)

The system will support TCP/IP communication with a DMS that supports it, using the IP
address and port number specified in the device configuration.

4.3.5.2 Communicate With TSS (Use Case)

The system will support TCP/IP communication with a TSS that supports it, using the IP
address and port number specified in the device configuration.
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4.3.5.3 Set NTCIP DMS Message (Use Case)
The system will automatically set the default font number and the default line spacing (as
specified in the DMS configuration) for an NTCIP DMS before setting the message.
4.3.5.4 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.
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4.4 External Interfaces (RITIS Import)

4.4.1 R3B3ImportRITISData (Use Case Diagram)

monitoring.

This diagram shows use cases related to RITIS. New for R3B3 is the import of external
DMS/TSS's. Additionally, R3B3 provides enhanced Traffic Event import and connection
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Figure 4-12 R3B3ImportRITISData (Use Case Diagram)

4.4.1.1 Create CHART External Traffic Event (Use Case)

The system shall create a new CHART External Event when a candidate event passes one
of the configured event import rules. The data imported for an event shall include the
following, as available in the external data source: event creation time, event closed time,
scene cleared time, event state, external system name, external event id, external agency,

location description, CHART event type, lane status, vehicles involved, and geolocation
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data (lat/long).

4.4.1.2 Create CHART External DMS (Use Case)

When DMS data is imported from RITIS, if an administrator has already indicated that the
DMS is to be included in CHART, and it has not already been added to CHART, it will be
added to CHART as an External DMS.

4.4.1.3 Create CHART External TSS (Use Case)

When TSS data is imported from RITIS, if an administrator has already indicated that the
TSS is to be included in CHART, and it has not already been added to CHART, it will be
added to CHART as an External TSS.

4.4.1.4 Create External Connection Alert (Use Case)

The system will create an External Connection Alert if an external connection transitions to
the "failed" state and remains there for an amount of time, as specified in the connection
settings, if the alert is enabled in the connection settings. The system will create an
External Connection Alert if an external connection transitions to the "warning" state and
remains there for an amount of time, as specified in the connection settings, if the alert is
enabled in the connection settings. (The time spent in the "failed" state contributes to the
time counted for a warning).

4.4.1.5 Create External Event Alert (Use Case)
The system will create an External Event Alert for the operations center specified in the
event import rule if an external traffic event matches an event import rule and the rule's
settings indicate that an alert should be issued.

4.4.1.6 Flag Interesting RITIS Events (Use Case)
The system shall set the CHART event "interesting" flag when importing a RITIS event if
an event import rule was configured to generate an alert and the rule passed.

4.4.1.7 Import RITIS Data (Use Case)

The system shall import data from the RITIS system.

4.4.1.8 Import RITIS DMS Data (Use Case)

The system shall import DMS data from RITIS. RITIS provides the data in the TMDD
standard. Only DMSs that have been selected for inclusion in CHART by the administrator
will become CHART external DMSs. Once a DMS has been included in CHART, its data
will be kept updated in CHART as updates for it are received from RITIS.
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4.4.1.9 Import RITIS Event Data (Use Case)

The system shall import event data from RITIS. The data is provided by RITIS in the SAE
ATIS J2354 standard. This capability exists in R3B2, however it is being enhanced in
R3B3. External event import rules, configured by an administrator, will be used to
determine which events get imported into CHART. An event that meets any rule will be
imported, events that do not match any rules will not get imported.

4.4.1.10 Import RITIS TSS Data (Use Case)

The system shall import TSS data from RITIS. RITIS provides the data in the TMDD
standard. Only TSSs that have been selected for inclusion in CHART by the administrator
will become CHART external TSSs. Once a TSS has been included in CHART, its data
will be kept updated in CHART as updates for it are received from RITIS.

4.4.1.11 Map External Agency to CHART Org (Use Case)

The system shall translate the external agency ID for data imported from an external system
into a CHART Organization. This mapping is done when the external object (Ex. Event,
DMS, TSS) is created. (This is required to allow CHART to enforce organization based
user rights.) The mapping of agency to organization will be configured by a system
administrator. If an external object is received and an organization mapping has not been
configured for its agency, a default organization will be used.

4.4.1.12 Monitor External System Connection (Use Case)

The system shall monitor the state of the External System Connection.

4.4.1.13 Re-establish Connection To External System (Use Case)

The system shall attempt to re-establish connection to the External System when the
connection is down or unreasonably inactive.

4.4.1.14 Send External Connection Notification (Use Case)

The system will send a notification to a specified notification group if an external
connection transitions to the "failed" state and remains there for an amount of time, as
specified in the connection settings, if enabled in the connection settings. The system will
send a notification to a specified notification group if an external connection transitions to
the "warning" state and remains there for an amount of time, as specified in the connection
settings, if enabled in the connection settings. (The time spent in the "failed" state
contributes to the time counted for a warning).

4.4.1.15 Send External Event Notification (Use Case)

The system will send a notification to the group specified in the event import rule if an
external traffic event matches an event import rule and the rule's settings indicate that a
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notification should be sent.

4.4.1.16 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.4.1.17 Translate RITIS DMS Data (Use Case)
When DMS data is imported from RITIS, the system will convert the data from the RITIS
format (TMDD with RITIS extensions) into CHART format.

4.4.1.18 Translate RITIS Event Data (Use Case)

When an External Event is created or updated the system shall translate RITIS event data
(SAE ATIS J2354) to CHART Traffic Event data. For R3B3 lane data, vehicles involved
data and geolocation have been added to existing R3B2 translations.

4.4.1.19 Translate RITIS TSS Data (Use Case)
When TSS data is imported from the RITIS system, it will be translated from the format
used by RITIS (TMDD with RITIS extensions) to CHART format.

4.4.1.20 Update Existing CHART External Traffic Event (Use Case)

The system shall update any existing CHART External Events (L.E. previously imported)
with new information provided about that event from the external source. This includes
updating CHART External Traffic Events to the closed state. The data updated for an event
shall include the following, as available in the external data source: event creation time,
event closed time, scene cleared time, event state, location description, event description,
CHART event type, lane status, vehicles involved, and geolocation data (lat/long).

4.4.1.21 Update Existing CHART External DMS (Use Case)
When a DMS is imported from RITIS, if it has been previously added to CHART as an
External DMS, the data for that external DMS will be updated.

4.4.1.22 Update Existing CHART External TSS (Use Case)

When a TSS is imported from RITIS, if it has been previously added to CHART as an
External TSS, the data for that external TSS will be updated.
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4.4.2 R3B3ConfigureExternalSystemSettings (Use Case Diagram)

This diagram shows use cases related to external system configuration settings.
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Figure 4-13 R3B3ConfigureExternalSystemSettings (Use Case Diagram)

4.4.2.1 Add Event Import Rule (Use Case)

A suitably privileged user can add an event import rule to the system. Each rule contains
criteria that when met by an external event will cause that external event to be imported into
the CHART system. Rules can also have actions that are taken if the criteria is met,
including whether or not an External Event Alert should be sent and to which operations
center, whether or not a notification should be sent and to which notification group, and
whether or not the event's interesting flag should be set upon import. The following criteria
are included:

Geographical Area: zero or more named geographical areas that have been defined in
CHART. If an event's latitude/longitude falls within a specified geographical area, it
matches the criteria. This criteria can be set to "empty" to indicate it matches events
without a latitude/longitude, or "any" to indicate that any event (regardless of lat/long
value) matches this criteria.

U.S. State: One or more States within the U.S. If an event contains a state and it is the same
as the state criteria specified, it matches the criteria. This criteria can be set to "empty" to
indicate it matches events that have no state specified, or "any" to indicate any event
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matches regardless of its state value.

Route Type: A type of route, such as interstate, state road, county road, etc. as defined in
CHART. An event with a route type specified that is the same as the route type specified in
the rule criteria matches the criteria. A value of "empty" can be used to match events that
don't have a route type specified, and the value of "any" can be used to cause any event to
match regardless of its route type value.

Search Text: Zero or more text strings that must be found in one of the following fields in
the event - event name, event description, route number, or county. If the search text
criteria is found anywhere in one of these fields of the event, the event matches this criteria.

Lanes Closed: The number of lanes that must be indicated as closed in the event. A value
of "empty" can be used to cause an event without lane closure data to match, and a value of
"any" can be used to cause any event to match regardless of its lane closure data.

CHART Event Type: Zero or more CHART event types, such as incident, disabled vehicle,
etc. An event whose event type maps to any of the selected CHART event types will match
this criteria. All events will match this criteria if no event types are selected.

4.4.2.2 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.4.2.3 Configure Candidate External DMSs (Use Case)

The administrator can view a list of DMSs that exist in external systems (candidate external
DMSs) and configure whether or not they are to be included in the CHART system.
Because the list of devices could be large, a filtering capability is provided to allow the
administrator to manage smaller groups of devices at one time. When showing a list of
candidate DMSs (full list or filtered), the following fields will be included: DMS name,
agency, location description, indication of whether the DMS is currently marked for
inclusion in CHART, and an indication of whether the DMS is currently marked for
exclusion from CHART.

4.4.2.4 Configure Candidate External TSSs (Use Case)

The administrator can view a list of TSSs that exist in external systems (candidate external
TSSs) and configure whether or not they are to be included in the CHART system.
Because the list of devices could be large, a filtering capability is provided to allow the
administrator to manage smaller groups of devices at one time. When showing a list of
candidate TSSs (full list or filtered), the following fields will be included: TSS name,
agency, location description, indication of whether the TSS is currently marked for
inclusion in CHART, and an indication of whether the TSS is currently marked for
exclusion from CHART.
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4.4.2.5 Configure External Agencies To Orgs Mapping (Use Case)

The administrator can manage the list of external agencies that may exist in data exported
from external systems, and set the CHART organization to be assigned to external objects
from that agency during import. Each agency will be specified for use by a specific
external system and should be unique within that external system.

4.4.2.6 Configure External Connection Alert And Notification Settings (Use Case)

The system will allow a suitably privileged user to configure the settings for external
system connection alerts and notifications. For each external system the user will be able to
specify a time threshold for sending alerts/notifications if the connection is in a warning or
failure state for at least the specified period of time. The user will be able to specify
whether warning alerts/notifications should be sent in addition to failures. The user will be
able to specify whether alerts are enabled or disabled, and (if enabled) which operations
center to send the alerts to. The user will be able to specify whether notifications are
enabled or disabled, and (if enabled) which group to send notifications to.

4.4.2.7 Configure External Event Import Rules (Use Case)

A user with sufficient rights will be able to add, edit, and remove rules for importing
external events. These rules will contain criteria that an external event must meet to be
imported into the CHART system. Each rule will also specify whether the event is to be
marked "interesting", should generate an External Event Alert, or should cause a
notification message to be sent when the event is imported.

4.4.2.8 Configure External System Settings (Use Case)

The system shall allow a user with appropriate rights to configure settings related to
external systems. Several settings exist in R3B2, and R3B3 will add additional settings.
External Event Rules will govern which external events are imported into CHART, whether
they are marked as "interesting", whether an External Event Alert is generated for them,
and whether a notification is sent. The user can also choose which external DMSs and
detectors to include / exclude from CHART. The user will be able to specify connection
failure timeouts for sending External Connection Alerts and/or notifications. The user will
be able to specify the external system/agency mapping to CHART organizations, for
assigning an organization when importing traffic events and devices.

4.4.2.9 Create CHART External DMS (Use Case)

When DMS data is imported from RITIS, if an administrator has already indicated that the
DMS is to be included in CHART, and it has not already been added to CHART, it will be
added to CHART as an External DMS.

4.4.2.10 Create CHART External TSS (Use Case)

When TSS data is imported from RITIS, if an administrator has already indicated that the
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TSS is to be included in CHART, and it has not already been added to CHART, it will be

added to CHART as an External TSS.

4.4.2.11 Delete External DMS (Use Case)

The system shall allow a suitably privileged user to delete an external DMS from the

CHART system. When doing so, the DMS shall remain as a candidate DMS that is marked
as being excluded from the CHART system. The administrator can choose to include the

DMS at a later time.

4.4.2.12 Delete Event Import Rule (Use Case)

A suitably privileged user can delete an event import rule from the system. The system

shall require the user to confirm this action before it is completed.

4.4.2.13 Delete External TSS (Use Case)

The system shall allow a suitably privileged user to delete an external TSS from the

CHART system. When doing so, the TSS shall remain as a candidate TSS that is marked
as being excluded from the CHART system. The administrator can choose to include the

TSS at a later time.

4.4.2.14 Edit Event Import Rule (Use Case)

A suitably privileged user can edit an existing event import rule. This includes changing

any of the filter criteria or actions.

4.4.2.15 Filter Candidate External Device List (Use Case)

The user may use a filter when displaying a list of external devices that are candidates for

inclusion in the CHART system. The following filter criteria are included:
Agency: zero or more agencies used to show only devices that contain that agency

Geograhpical Area: zero or more named geographical areas defined in CHART used
show only devices whose lat/long falls within one of the specified areas

to

Text Search: zero or more text strings - only devices that contain one of the specified text
strings within the device's name, description, location description, county, or route name

will be shown

Included indicator: When set shows devices that have been selected for inclusion in
CHART

Excluded indicator: When set shows devices that have been selected for exclusion from

CHART

New indicator: When set shows devices that have not been selected for inclusion in OR
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exclusion from CHART

4.4.2.16 View Event Import Rules (Use Case)

The system shall allow a suitably privileged user to view the event import rules that have
been defined.
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4.5 Public/Private Data Sharing

4.5.1 R3B3ManageUsers (Use Case Diagram)

This diagram shows uses of the system related to user management. The system has Roles
defined by an Administrator that contain user rights. Users are assigned roles, and when a
user logs into the system they are granted all rights contained in their assigned roles. For
R3B3, several new user rights are being added that fall into the category of "public/private
data sharing". They control access to data in the system that may not be desirable to
distribute to some users of the CHART system. This may be due to the sensitive nature of
the data, or due to contractual obligations that limit the right to distribute the data to third
parties. These rights (as do all user rights) also determine the data that is accessible to a
client of the CHART system's external interface (export web service), as roles are assigned
to external systems similar to the way they are assigned to users.

N
These uses are unchanged from previous releases, These uses are updated for R3B3.
and are shown here for context. public/private data sharing.
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Figure 4-14 R3B3ManageUsers (Use Case Diagram)

4.5.1.1 Add Role (Use Case)

An administrator can add a new role to the system.

4.5.1.2 Add User (Use Case)

An administrator can add a new user to the system.
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4.5.1.3 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.5.1.4 Edit Role (Use Case)

An administrator can edit an existing role.

4.5.1.5 Edit User (Use Case)

An administrator can edit an existing user.

4.5.1.6 Remove Role (Use Case)

An administrator can remove a role from the system.

4.5.1.7 Remove User (Use Case)

An administrator can remove a user from the system.

4.5.1.8 Set Camera Rights (Use Case)

An administrator can include rights associated with Cameras in a Role. For R3B3 the
following rights are added: View Camera Sensitive Config: controls the ability to view
sensitive camera configuration data. This right is assignable per organization. Sensitive
configuration data for cameras depends on the type of sending and control device used by
the camera as follows: Sending Device Type is Encoder: Sensitive data includes IP Video
Fabric, Encoder Type, Port, Multicast Address, and Multicast Port. Sending Device Type
is Switch: Sensitive data includes the switch and input port. Control Device Type is IP via
Codec: Sensitive data includes the IP, Port, Baud, Bits, Parity, Stop Bits, and Flow Control.
Control Device Type is Comm Port: Sensitive data includes Port, Baud, Parity, Stop Bits,
and Flow Control. Control Device Type is Command Processor: Sensitive data includes the
command processor name.

4.5.1.9 Set DMS Rights (Use Case)

An administrator can set the DMS related rights included in a Role. For R3B3, the
following rights are being added: View External DMSs: controls the ability to view external
DMSs in the DMS list; View DMS Sensitive Config: Controls the ability to view sensitive
configuration data. This right can be granted per organization. The sensitive configuration
data for a DMS includes the following communication settings: Drop Address, Port
Manager Connection Timeout, Port Type, Baud, Data Bits, Parity, Stop Bits, Flow Control,
Default Telephone Number (ISDN & POTS), and the per port manager telephone numbers.
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4.5.1.10 Set HAR and SHAZAM Rights (Use Case)

An administrator can include rights associated with HARs and SHAZAMs in a Role. For
R3B3 new rights are being added as follows: View HAR Sensitive Config: controls the
ability to view sensitive HAR and SHAZAM configuration data. This right will be
assignable per organization. Sensitive configuration data for a HAR or SHAZAM includes
Default Phone Number, Access Code, Port Manager Connection Timeout, Port Type, and
per port manager phone numbers.

4.5.1.11 Set Monitor Rights (Use Case)

An administrator can include rights associated with Monitors in a Role. For R3B3 the
following rights are added: View Monitor Sensitive Config: controls the ability to view
sensitive monitor configuration data. This right is assignable per organization. The
configuration data considered sensitive depends on the type of receiving device used by the
monitor as follows: Receiving Device of Type Decoder: Sensitive data includes IP Video
Fabric, IP, Type, TCP Port, Video Port. Receiving Device of Type Switch: Sensitive data
includes the Switch and output port.

4.5.1.12 Set Role Functional Rights (Use Case)

An administrator can set the functional rights included in a Role when adding a role or
editing an existing role.

4.5.1.13 Set Traffic Event Rights (Use Case)

Traffic event related rights may be included in a Role. For R3B3, new rights are being
added as follows: View External Traffic Events: controls ability for user to view external
event list and external event tab on the home page; View Traffic Event Sensitive Incident
Details: controls ability to see sensitive incident details, such as if the incident involves a
fatality (in the name and the incident type); View Traffic Event Log: controls ability to
view the traffic event log. This right can be controlled per organization such that a user can
view some organization's traffic event's logs but not others.

4.5.1.14 Set TSS Rights (Use Case)

An administrator can include TSS (Detector) related rights in a Role. For R3B3, the
following rights are added: View External TSS: controls the ability to view external TSSs
in the TSS list; View TSS Sensitive Config: controls the ability to view sensitive
configuration data. This right can be assigned per organization. The sensitive configuration
data for a TSS includes the following communication settings: Drop Address, Port
Manager Connection Timeout, Port Type, Baud, Data Bits, Parity, Stop Bits, Flow Control,
Default Telephone Number (ISDN & POTS), and the per port manager telephone numbers;
View VSO Detailed Data: controls the ability to view a detector's detailed volume, speed,
and occupancy data. This right is assignable per organization. View VSO Summary Data:
controls the ability to view a detector's summary VSO data (speed range). This right is
assignable per organization and has no effect if the role also has the View VSO Detailed
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Data right.

4.5.1.15 Set User Roles (Use Case)

An administrator can set the roles granted to a user while adding a user or editing an
existing user.

4.5.1.16 View Roles (Use Case)

The administrator can view the roles defined in the system.

4.5.1.17 View Users (Use Case)

An administrator can view the users that exist in the system.
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4.5.2 R3B3ProvideDataToExternalSystems (Use Case Diagram)

This diagram shows uses of the system related to providing data to external systems. For
R3B3, CHART will provide Traffic Event, HAR, DMS, and SHAZAM to external systems.
In addition R3B3 will provide external client management.
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Figure 4-15 R3B3ProvideDataToExternalSystems (Use Case Diagram)

4.5.2.1 Add External Client (Use Case)

The system shall allow an administrator to add an external client to the CHART system.
When doing so, the administrator will specify data pertaining to the client including a client
ID to be used by the external system and a public key used to validate data signed by the
external system. The administrator will specify whether the external system is a supplier
and/or consumer of CHART data, and if it is a consumer, one or more CHART Roles
whose user rights will determine the data accessible to the external system. The
administrator will also be able to specify a name and description of the external system,
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contact information for a person responsible for managing the external system.

4.5.2.2 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.5.2.3 Authenticate External System (Use Case)

The system shall authenticate external system connections to validate that they are
authorized to connect to CHART and to enforce rights regarding the data the external
system is permitted to access. Each external system owner will be provided a private key
from a public/private key pair generated within the CHART system. Each request from an
external system will include the system's CHART client ID (as configured within CHART)
and a digital signature of the request data, created using the private key provided by the
CHART administrator. The CHART system will validate each request signature using the
client's public key.

4.5.2.4 Edit External Client (Use Case)

The system shall allow an administrator to edit the data associated with an external client,
as described in the Add External Client use case.

4.5.2.5 Generate Key Pair (Use Case)

The system shall allow an administrator to generate a public/private key pair for use in
controlling access to the CHART external interface. The private key is to be given (offline)
to the owner of the external system wishing to gain access to CHART data. The public key
is to be used by the administrator when adding the external client to the CHART system
that corresponds to the external system that wishes to retrieve data from CHART.

4.5.2.6 Manage External Clients (Use Case)

The system shall allow an administrator to manage the external clients that are permitted to
retrieve data from CHART via its external system interface.

4.5.2.7 Provide Data to External Systems (Use Case)

The system shall provide access to external systems via a web service to allow them to
receive data that the CHART system makes available to third parties. One or more Roles
assigned to each external client will be used to determine the data the client will be
permitted to access. All requests made by external systems shall be validated against
published XSD. CHART will return a response XML document for each request. The
XML returned will contain an error code and error text for invalid requests, and will return
the requested data for valid, authorized requests. The response XML shall be formatted as
specified in published XSD.
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4.5.2.8 Provide Detector Data To External Systems (Use Case)

The system shall provide detector data to external systems. The system shall enforce
granular, organization based user rights to allow the level of detail provided for a detector
to be controlled. Two user rights will be used to determine if a detector's detailed volume,
speed, and occupancy (VSO) data is exported, only a speed range, or no VSO data. When
VSO data is provided for a detector, it will include the data for zone groups and for each
zone within the group. The detector data will be provided using the TMDD standard, with
CHART extensions as needed. External systems can obtain an inventory of detectors that
includes each detector's current status, and can obtain updates to the detector data
(including the status) by requesting a new inventory list.

4.5.2.9 Provide DMS Data To External Systems (Use Case)

The system shall allow external systems to receive data pertaining to DMSs using the
TMDD standard, with CHART extensions to the standard as needed. External systems can
obtain an inventory of DMS devices, including their current status. Updates can be
obtained by obtaining a new inventory.

4.5.2.10 Provide HAR Data To External Systems (Use Case)

The system shall provide HAR data to external systems using the TMDD standard format,
with CHART extensions as needed. External systems can obtain an inventory of HARs,
including the HAR current status. External systems can receive updates by requesting a
new inventory.

4.5.2.11 Provide SHAZAM Data To External Systems (Use Case)

The system shall provide SHAZAM (beacon) data to external systems using the TMDD
standard format, with CHART extensions as needed. External systems can obtain an
inventory of SHAZAMs, including the SHAZAM current status. External systems can
receive updates by requesting a new inventory.

4.5.2.12 Provide Traffic Event Data To External Systems (Use Case)

The system shall allow external systems to receive traffic event data from CHART. The
CHART system shall enforce granular, organization based use rights to determine the level
of detail that may be seen by each event. User rights will control whether or not the
incident type of "fatality" is exported within the event name and the incident type field. A
cleansed version of the incident type and event name that substitutes personal injury for
fatality will be exported to external clients that don't have the proper user right. A separate
user right determines whether or not event history for an event is exported. The traffic event
data is exported using the SAE ATIS J2354 standard format with CHART extensions as
needed. External systems can obtain a list of traffic events (an inventory) and can receive
updates by polling to receive a new inventory periodically.
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4.5.2.13 Remove External Client (Use Case)

The system shall allow an administrator to remove an external client from the system,
effectively preventing them from accessing CHART's external interface to retrieve data.
The system will prompt the user for confirmation before removing the client.

4.5.2.14 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.5.2.15 View External Clients (Use Case)

The system shall allow an administrator to view the external clients allowed to retrieve
CHART data via its external interface.
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4.6 Alerts/Notifications

4.6.1 R3B3ManageAlertsAndNotifications (Use Case Diagram)

This diagram shows use cases related to alerts and notifications. For R3B3, three new alert
types are added. Additionally, there are 3 conditions where notifications can be sent
automatically by the system (if configured to do so). All existing (pre-R3B3) use cases
related to managing alerts apply to the new alert types.

The functionality in these
operator-initiated use cases
already exists for other
alert types but will be extended
to include the new alert types:
- Travel Time Alert

- External Connection Alert

- External Event Alert

Note - these use cases are used in other
diagrams but are collected here to show them

v in one place.
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Figure 4-16 R3B3ManageAlertsAndNotifications (Use Case Diagram)

4.6.1.1 Accept Alert (Use Case)

A user with sufficient privileges may Accept an alert. Accepting an alert implies the user's
AMG will handle the alert to closure. Accepting an alert stops any Escalation or Delay
Timer, if running. To ensure alerts do not get accepted and forgotten, Accepting an alert
starts the Accept timer for when the system should automatically revert the alert to the New
state (See Configure Alert Timeouts). A typical duration of the Accept timer is expected to
be less than a typical duration of the Delay timer.

4.6.1.2 Close Alert (Use Case)

A user with sufficient privileges may close an alert in the New, Accepted, or Delayed
states. Closing an alert stops any Escalation, Delay, or Accept Timer and starts an Archive
Timer. The alert remains visible to privileged viewers for the duration of the Archive
Timer. After the Archive Timer expires the alert is removed from being seen by operators
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and only exists in the database archives.

4.6.1.3 Comment On Alert (Use Case)

A user with proper functional rights can add a comment to an alert. Previous comments
cannot be changed or removed, nor can the text used to create the alert be changed, but any
appropriate comment can be attached to the alert. The comment will be time stamped,
attributed to the user, stored in the Alert History in chronological order with other history
entries.

4.6.1.4 Confirm Unique Alert (Use Case)

The system ensures duplicate non-closed alerts are not seen by the users. A duplicate alert
is defined as two alerts with the same alert type and the same discriminator based on the
alert type. The alert discriminators are as follows: EventStillOpenAlert: same event;
DuplicateEventAlert: same event; UnhandledResourceAlert: same resource; Manual Alert:
same alert description; DeviceFailureAlert: same device; ExecuteScheduledActionsAlert:
same list of actions; External Connection Alert: same external connection; External Event
Alert: same external event; Travel Time Alert: same travel route. Toll Rate Alert: Same
travel route, same alert description.

4.6.1.5 Create External Connection Alert (Use Case)

The system will create an External Connection Alert if an external connection transitions to
the "failed" state and remains there for an amount of time, as specified in the connection
settings, if the alert is enabled in the connection settings. The system will create an
External Connection Alert if an external connection transitions to the "warning" state and
remains there for an amount of time, as specified in the connection settings, if the alert is
enabled in the connection settings. (The time spent in the "failed" state contributes to the
time counted for a warning).

4.6.1.6 Create External Event Alert (Use Case)

The system will create an External Event Alert for the operations center specified in the
event import rule if an external traffic event matches an event import rule and the rule's
settings indicate that an alert should be issued.

4.6.1.7 Create Toll Rate Alert (Use Case)

If toll rate alerts are enabled for a travel route, the system will issue an alert to the
operations center specified in the travel route settings if the current toll rate for the travel
route expires while there is a current (non-expired) toll rates document available.

4.6.1.8 Create Travel Time Alert (Use Case)

If travel time alerts are enabled for a travel route, the system will issue an alert to the
operations center specified in the travel route settings when the travel time crosses the
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threshold specified in the travel route settings.

4.6.1.9 Delay Alert (Use Case)

A user with sufficient privileges may Delay an alert. The implication is that the AMG is
not going to handle the alert any time soon but still wants to take responsibility for handling
the alert to closure. Delaying an alert stops any Escalation or Accept Timer, if running. To
ensure alerts do not get delayed and forgotten, Delaying an alert starts the Delay Timer for
when the system should automatically revert the alert to the New state (See Configure Alert
Timeouts). A typical duration of the Delay timer is expected to be more than the typical
duration of the Accept timer.

4.6.1.10 Manually Escalate Alert (Use Case)

A user with proper functional rights can force escalation of an alert. This performs an
escalation cycle, which, if possible, adds additional operations centers (or in a future
release, Areas of Responsibility) to the visibility of the alert.

4.6.1.11 Operator (Actor)

An operator is a user of the system who has been assigned a valid username/password
combination and granted roles for system access.

4.6.1.12 Resolve Alert (Use Case)

A user with sufficient privileges may resolve alerts. Resolving an alert brings the user to a
page where this type of alert can be addressed. The following resolve pages are envisioned
for current alerts: DeviceFailure: Device Details page to allow the device to be taken offline
or put into maintenance mode, if appropriate; UnhandledResource: Transfer Shareable
Resource page; EventStillOpenAlert: Event Details page; DuplicateEventAlert: Merge
Events page; ManualAlert: Alert details page; ExecuteScheduledActionsAlert: For
schedules containing one action, an action specific page will be displayed to the user.
Resolving an OpenEventAction will display the Pending Event's page. For multiple
scheduled actions the execute scheduled action page for the schedule will be displayed. For
a schedule with no actions the ExecuteScheduledActionsAlert's details page will be
displayed; External Connection Alert: External connection status list page; External Event
Alert: Event details page for the external event; Travel Time Alert: Travel route details
page. Toll Rate Alert: Travel route details page.

4.6.1.13 Send External Connection Notification (Use Case)

The system will send a notification to a specified notification group if an external
connection transitions to the "failed" state and remains there for an amount of time, as
specified in the connection settings, if enabled in the connection settings. The system will
send a notification to a specified notification group if an external connection transitions to
the "warning" state and remains there for an amount of time, as specified in the connection
settings, if enabled in the connection settings. (The time spent in the "failed" state
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contributes to the time counted for a warning).

4.6.1.14 Send External Event Notification (Use Case)

The system will send a notification to the group specified in the event import rule if an
external traffic event matches an event import rule and the rule's settings indicate that a
notification should be sent.

4.6.1.15 Send Toll Rate Notification (Use Case)

If toll rate notifications are enabled for a travel route, the system will send a notification to
the group specified in the travel route settings if the current toll rate for the travel route
expires while there is a current (non-expired) toll rates document available.

4.6.1.16 Send Travel Time Notification (Use Case)

If travel time notifications are enabled for a travel route, the system will send a notification
to the group specified in the travel route settings when the travel time crosses the threshold
specified in the travel route settings.

4.6.1.17 System (Actor)

The System actor represents any software component of the CHART system. It is used to
model uses of the system which are either initiated by the system on an interval basis, or are
an indirect by-product of another use cases that another actor has initiated.

4.6.1.18 Unaccept Alert (Use Case)

A user with sufficient privileges may unaccept an alert in the Accepted state. Unaccepting
an alert stops the Accept Timer, puts the alert in the New state, and begins the Escalation
Timer. Unaccepting an alert implies that the user's AMG has changed their mind and no
longer wishes to handle the alert.

4.6.1.19 Undelay Alert (Use Case)

A user with sufficient privileges may undelay an alert in the Delayed state. Undelaying an
alert stops the Delay Timer, puts the alert in the New state, and begins the Escalation
Timer. Undelaying an alert implies that the user's AMG has changed their mind and no
longer wishes to handle the alert.

4.6.1.20 View Alert Details (Use Case)

A user with sufficient privileges may view alert details including the alert type, alert
description, create time, next escalation time (if New), Unaccept time (if Accepted),
Undelay time (if Delayed), closed time (if Closed), the current set of AMGs, the predicted
set of AMGs at next escalation, and a history of all modifications to the alert each with a
comment.
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4.6.1.21 View Alerts (Use Case)

A user with sufficient privileges may view alerts. Viewing an alert includes the ability to
see the alert type, the alert description, and the alert creation time. Alerts are organized by
their state including an indication of the number of alerts in each state. A visual and
auditory cue is given when the user is a member of an AMG listed in at least one New alert
and the user has the rights to control the alert. The ability to view alerts does not imply the
ability to control alerts. Closed alerts may be viewed only if they have not yet been
archived.
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4.7 Configure system

4.7.1 R3B3ConfigureSystem (Use Case Diagram)

This use case diagram shows use cases related to system configuration.
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Figure 4-17 R3B3ConfigureSystem (Use Case Diagram)

4.7.1.1 Add Geographical Area (Use Case)

A user with sufficient rights will be able to add a geographical area to the system. The user
will be able to specify a name and a polygon to represent the area.

4.7.1.2 Administrator (Actor)

An administrator is a CHART user that has functional rights assigned to allow them to
perform administrative tasks, such as system configuration and maintenance.

4.7.1.3 Configure Travel Time And Toll Rate Settings (Use Case)

The system shall allow users with appropriate rights to set configuration values related to
travel times. The user will be able to specify a system-wide display schedule for travel time
DMS messages. The user will be able to specify the travel time range settings, which
consist of boundaries for classifying an actual travel time into buckets, and for each bucket,
values to add/subtract from the actual travel time to obtain the range to display. The user
will be able to specify a threshold percentage for determining whether the travel time trend
is classified as "up", "down", or "flat".
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4.7.1.4 Configure DMS Message Combination Rules (Use Case)

The system shall allow a user with appropriate rights to set the message combination rules
for DMSs. This feature exists in R3B2 and will be enhanced in R3B3 to support travel time
and toll rate messages.

4.7.1.5 Configure External System Settings (Use Case)

The system shall allow a user with appropriate rights to configure settings related to
external systems. Several settings exist in R3B2, and R3B3 will add additional settings.
External Event Rules will govern which external events are imported into CHART, whether
they are marked as "interesting", whether an External Event Alert is generated for them,
and whether a notification is sent. The user can also choose which external DMSs and
detectors to include / exclude from CHART. The user will be able to specify connection
failure timeouts for sending External Connection Alerts and/or notifications. The user will
be able to specify the external system/agency mapping to CHART organizations, for
assigning an organization when importing traffic events and devices.

4.7.1.6 Configure Geographical Settings (Use Case)

A user with sufficient rights will be able to specify the geographical settings. The user will
be able to add, edit, and remove named geographical areas which can be used for importing
external events and devices in R3B3 (and will be useful for defining areas of responsibility
in a future release). The user will also be able to specify the bounds (north, south, east, and
west boundaries) for acceptable geographic coordinates when coordinates are entered by the
user.

4.7.1.7 Configure R3B3 Alert Types (Use Case)

The system will allow a suitably privileged user to configure these new alert types
introduced in R3B3: External Connection Alert, External Event Alert, and Travel Time
Alert. For each of these types, the user will be able to specify the default and maximum
accept timeouts, the default and maximum delay timeouts, the escalation timeout, an
enable/disable flag for the alert type, and a flag for enabling/disabling automatic escalation.
The user will also be able to configure the alert audio cues for the new alert types.

4.7.1.8 Configure Traveler Information Message Templates (Use Case)

A user with sufficient rights will be able to configure the available DMS message templates
that may be used for travel time / toll rate messages. The user will be able to add, edit,
remove, and view these templates.

4.7.1.9 Configure TSS Speed Summary Ranges (Use Case)

A user with sufficient rights will be able to configure the speed ranges to display when a
user has rights to view speed summary information for a detector, but does not have rights
to view the details.
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4.7.1.10 Delete Geographical Area (Use Case)

The system will allow a user with sufficient rights to remove a geographical area from the
system. The system will ask for confirmation before deleting the area, and will not allow
an area to be deleted if it is referenced in the system.

4.7.1.11 Edit Geographical Area (Use Case)

A user with sufficient rights will be able to edit an existing geographical area defined in the
system. The user will be able to specify a name and a polygon to represent the area.

4.7.1.12 Import KML File (Use Case)

A user specifying the coordinates for a geographical area polygon will be able to import the
polygon definition using a KML (Keyhole Markup Language) file. This XML-based file
format is used by Google Earth and other tools.

4.7.1.13 Specify Polygon (Use Case)

A user adding or editing a geographical area will be able to specify the coordinates of a
polygon using geographical (latitude/longitude) coordinates. The user will be able to enter
the coordinates manually, or import the polygon definition from a Keyhole Markup
Language (KML) file. If entering the coordinates manually, the user will be able to
add/insert a point, edit an existing point, or remove a point. All coordinates that are
manually entered will be validated against the system-wide bounds from the system profile
to make sure the coordinates are not unreasonable.
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5 Detailed Design

5.1 Human-Machine Interface

R3B3 builds on the existing web based user interface that has been used for the CHART system
for past releases. A usable prototype of the proposed interface changes has been created in order
to allow the user to preview the changes and to better facilitate a common understanding of the
requirements. These changes fall into the areas of Travel Routes, DMS Message Templates,
Travel Time and Toll Rate Messages, DMS Travel Time / Toll Rate Settings, System Profile
Travel Time Settings, Geographical Settings, External Events, External Devices, External
System Settings, External Connection Status, Alerts, Device Locations, Miscellaneous Device
Enhancements, and Public/Private Data Sharing. See the sections below for details.

5.1.1 Travel Routes

Travel Routes are CHART objects that provide a building block for travel time and toll rate
messages. Travel Routes represent segments of roadway and usually start at a DMS and end at a
destination well known to travelers. A travel route may be associated with one or more roadway
links which provide travel time data for the travel route. A travel route may also be associated
with a toll rate source, which provides toll rate data for the travel route. Features exist in R3B3
to allow travel routes to be added, edited, and removed. Users can also view travel routes that
have been added to the system along with their current travel time and/or toll rate.

5.1.1.1 Viewing Travel Routes

A new menu item will appear within the existing home page navigation area to allow users to
view existing travel routes.

Schedules
s
onliahin Hew menu

Travel Routes et jtom
Change User

gugwl_: mmang E! AL
Transfer Resources
Change Password

Figure 5-1 View Travel Routes menu item

Upon clicking the Travel Routes menu item, a page will be shown in the “working window”
listing all travel routes that exist in the system (see below).
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Figure 5-2 View Travel Routes page

This page shows the following information for each travel route:
e Travel Route Name
¢ The length of the route (in miles)
e The current travel time for the route (if any)
e The current travel time trend (if any)
¢ The current average speed on the route (if any)
¢ The current toll rate for the route (if any)

e The devices using the travel route (if any). In R3B3, only DMS devices may be
considered to be using a travel route. Any DMS that contains a traveler info message that
includes the route (even if the message is not enabled) will be considered to be using the
travel route.

¢ The roadway route(s) that are included in the travel route.
¢ The roadway direction(s) that are included in the travel route.

e The Counties that are included in the travel route.
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A Set Columns link at the top of the page allows the user to choose which of the columns are
shown / hidden on this page. When the link is clicked, a window pops up to allow the user to
place a check mark next to each column name to be displayed, and to remove check marks from
columns they do not wish to display (see below). The Travel Route Name and Actions columns
may not be hidden and will always contain a check mark.

Column Display
Travel Route Name

[] Length

[+] Travel Time

[+] Trend

[+] Speed

[+] Toll Rate

[+] Used By

[+] Route

[+] Direction

[+] County
Actions

E Submit [| Cancel

Figure 5-3 Set Travel Route List Columns

When columns are hidden, a link will appear to allow the user to restore the list to display the
default columns.

Each column heading is a link that when clicked causes the list to be sorted on that column.
After the list is sorted on a column, the user may click the column heading link again to toggle
between an ascending and descending sort.

Seven of the ten columns provide the ability to filter the list based on values in the column as
follows:

e The Trav Time column provides the ability to filter the list to show only travel routes that
have a travel time greater than a specified number of minutes. This filter also allows the
list to be filtered to show travel routes with no travel time, and those where travel time is
not applicable (no links configured).

e The Trend column provides the ability to filter the list to show only travel routes with an
increasing travel time (Up), decreasing travel time (Down), or stead travel time (Flat).
This filter also allows the list to be filtered to show travel routes with no travel time, and
those where travel time is not applicable (no links configured).

¢ The Speed column provides the ability to filter the list to show only travel routes with an
average speed within a certain range (0-30, 30-50, >50). This filter also allows the list to
be filtered to show travel routes with no travel time, and those where travel time is not
applicable (no links configured).

¢ The Toll Rate column provides the ability to filter the list to show only travel routes with
a toll rate greater than a specified dollar amount. This filter also allows the list to be
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filtered to show travel routes with no toll rate, and those where toll rate is not applicable
(no toll rate source configured).

e The Route column provides the ability to filter the list to show only travel routes that
include some portion of the given roadway route.

e The Dir column provides the ability to filter the list to show only travel routes that
include a specific direction of roadway.

e The County column provides the ability to filter the list to show only travel routes that
contain roadway within a specific county.

Links are provided for each travel route to allow the details for the route to be viewed and to
allow suitably privileged users to edit the travel route or remove the travel route. A link is also
available on the page to allow a travel route to be added to the system. Details on these actions
are provided in the sections below.

5.1.1.2 Adding Travel Route

Administrative users can add a travel route to the system by clicking the Add Travel Route link
on the travel route list. Upon clicking the link, the following form appears:
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/= * CHART - Windows Intemet Explores

Name:

Destination (preferred):
Destination (option 1):
Destination {option 2):

Links (Optional, required for Travel Time)

Add Travel Route I

(for DMS Msgs)
(for DMS Msgs, used if preferred too long)

(for DMS Msgs, used if preferred and option 1 tee long)

System Ext ID Name Route Direction Length County Dist From Prior

it ink

Toll Rate Source {Optional, required for Toll Rate)
System Start ID End ID Description

Add
Location Settings O From Links & User Specified
Counties:

= Select— ¥ | bt
~ v v
v v v| (more)
Route Type: | --Select— b
Route: - Select— ¥
Direction: == Select— ¥
(multiple routes)
Length: miles
Travel Time Settings
Travel Time Enabled:
Max # of Links Below Quality Threshold 0 (If more than this number of links have low quality data, ignore the travel time)
Max Travel Time (mins) (If the route travel time exceeds this limit, it will not be shown)
Min Travel Time {mins) (If the route travel time is less than this, this value will be used)
Alert and/or Notification Travel Time (mins) If the route travel time is >= this value, send an alert and/or notification as follows:
[ send alert to Op Center: |~ NONE - |~

[ send Notification To Group: |~ NONE — »

Toll Rate Settings

Toll Rate Enabled: =

Toll Rate Alerts Enabled: [ send Alert to Op Centar: |~ NONE -«
Toll Rate Notifications Enabled: [7] send Netification To Group: |- NONE - +

Add Route Cancel i

% Local intranet 100 -

Figure 5-4 Add Travel Route

The following fields exist on this form:

Name: name of the travel route. This would usually include a description of the starting
and ending point of the route.

Destination (preferred): The name of the ending point of the destination as it should
appear when displayed on a DMS.

Destination (option 1): This optional field can provide an abbreviation (or shorter
version) of the preferred destination that will help the destination fit on smaller DMSs.

Destination (option 2): This optional field can provide a 2" abbreviation (or shorter
version) of the preferred destination that will help the destination fit on smaller DMSs. It
must be shorter than Destination option 1.

Links: An optional list of links used to provide travel time for the travel route. When
specified, the travel time from each link included in this list will be summed to compute
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the travel time for the travel route. If no links are specified, travel times will not be
supported for the travel route. See the “Travel Route Links” section below for details.

e Toll Rate Source: This optional selection is used to specify the source of toll rate data
for the travel route. If none is specified, toll rates will not be supported for the travel
route. See the “Travel Route Toll Rate Source” section below for details.

¢ Location Settings: The lists of counties and routes that the travel route traverses, as well
as the total length of the travel route. If at least 1 link is specified, the user may choose to
obtain the location information directly from the list of links rather than manually
entering the data.

e Travel Time Enabled: This setting is used to enable and disable travel times for the
route. Travel times are automatically disabled if the route has no links specified. This
setting allows the travel times to be disabled and re-enabled without losing the current list
of links or travel time related settings.

e Max # of Links Below Quality Threshold: The maximum number of links whose
travel time data can be below the minimum quality level specified for the link. When set
to zero, all links specified for the travel route must have travel time data that meets or
exceeds the minimum quality level for the link. If even one link has a quality level below
its minimum quality level, the travel time for the route will not be made available to other
parts of the system (such as DMS). This setting can be increased to make this policy
more lax for the travel route.

e Max Travel Time (mins): The maximum travel time allowed for the travel route. A
travel time that is computed above this value will be deemed invalid and will not be made
available to other parts of the system.

e Min Travel Time (mins): The minimum travel time allowed for the travel route. A
travel time that is computed to be below this amount of time will be set to this time.

e Alert and/or Notification Travel Time (mins): The travel time that when met or
exceeded may cause an alert and/or notification to be sent, depending on the alert and
notification settings that follow.

¢ Send Alert to Op Center: When enabled, an alert will be sent to the specified op center
when the travel time meets or exceeds the alert/notification travel time.

¢ Send Notification to Group: When enabled, a notification will be sent to the specified
notification group when the travel time meets or exceeds the alert/notification travel time.

e Toll Rate Enabled: This setting is used to enable and disable toll rates for the route.
Toll rates are automatically disabled if a toll rate source is not specified for the travel
route. This setting allows toll rates to be disabled and re-enabled without losing the
current toll rate source or toll rate related settings.

e Toll Rate Alerts Enabled: This setting is used to cause toll rate alerts to be sent to a
specified op center when certain conditions are detected.
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e Toll Rate Notifications Enabled: This setting is used to cause toll rate notifications to

be sent to a specified notification group when certain conditions are detected.

After filling in the form and optionally adding one or more links to the travel route and/or a toll
rate source, the submit button can be clicked to add the travel route to the system. The travel

route list will be shown and the new travel route will appear in the list.

5.1.1.3 Travel Route Links

Links must be added to a travel route to allow travel times to be computed for the route. The
links associated with a travel route can be specified when adding the route to the system via the
Add Travel Route form, as part of an edit operation to edit the travel route configuration, or as a
stand alone operation from the travel route details page. If no links have been specified for the
travel route, an empty table of links will be shown and an Add Link option will appear, as shown

below:

Links (Optional, required for Travel Time)

System Ext ID Name Route Direction Length County Dist From Prior

Add Link

Figure 5-5 Travel Route Links - Empty List

When the “Add Link” link is clicked, the form used to select links is shown (see below).

Select Link

Search for Links
County Road Type Road Direction: Ext ID:
Any w | | Ay w | | Any v | | Any w

| Search | | Show All

L Add Link(s) to Travel Roula _] [ Cancal ]

Figure 5-6 Select Link, No Prior Link Selected
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Because of the fairly large number of links that exist in the system for selection, the system first
allows the user to enter search criteria. After picking one or more search criteria, the user must
click the “Search” button to see the results of the query. The user can click the “Show All”
button to see all links available in the system. Following is an example of the screen after a
search is executed.

Select Link

Search for Links
County Road Type Road Direction: Ext ID:
.ﬁ.n:.' " _I:\.I"l!, W -{"-”‘.I" L _,G'n:'- e

[Searchi | Show All |

Select Source ExtID Name Road Direction Length County Dist From Prior

] INRIX 125P0&000 Link Mame 1 1-95 Morthbound 0.500 mi  Baltimore 0.0 mi
O INRIX 125P06001 Link Name 2 I-95 MNorthbound 0.267 mi  Baltimore 0.0 mi
0 INRIX 125P06002 Link Mame 3 [-95 Morthbound 0.345mi Baltimore 0.0 mi

[ Add Link{s) to Travel Route ] | Cancel |

Figure 5-7 Select Link — Search Results

The user may choose one or more of the links and click the “Add Link(s) to Travel Route”
button to add the selected links to the travel route. After submitting the form, the links that were
added appear in the list of links as shown below.

Links { Optional, required for Travel Time)
System ExtID Name Route Direction Length County Dist From Prior

IMRIX 125405270 [-95 EXIT 74 1-95 Morthbound 2.438 mi Baltimore N/A geitings move down remove
INRIX 12505270 1-95 EXIT 74 1-95 Morthbound 0458 mi  Baltimore 0.0 mi ettin Mmove Up  remove
INRIX 126P07340 [-5695 EXIT 7 1-695 Inner Loop 1.458 mi  Baltimore 17.256 mi settings move up remove

Select Mext Link

Figure 5-8 Travel Route Links - Populated List

The list of links is shown in order with the “Dist From Prior” column showing the distance from
the beginning of the link to the end of the link above it. When links are ordered properly, this
distance will be near zero. The user may use the “move up” and “move down” links to re-order
the list, and may use the “remove” link to remove a link from the list. The “settings” link can be
used to set settings that apply to the link’s use within the travel route. The user may drag their
mouse over the “settings” link to see the current settings. When the settings link is clicked, a
form appears that allows the link percent and travel time quality to be set for the link (see
below).
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Link Settings for Travel Route

These settings apply to the link in the travel route where it is used.
If a link is used in multiple travel routes, it can have separate
settings for each of the travel routes where it is used.

Route: 1-95 NB Exit 73 to Exit 74

Link: INRIX, 125+05270, 1-95 EXIT 74
Trawvel Ti in

Link Percent: 100 percent

Minimum Travel Time Quality: High w

| Submut | [ Cancel |

Figure 5-9 Link Settings for Travel Route

The link percent specifies the portion of the link that is contained within the travel route. This is
most useful for the first link within a travel route because travel routes are often defined to start
at a DMS location, and the DMS might not be located at the beginning of a defined link. (Travel
routes usually start at a DMS to allow travel time messages to imply that the travel time listed is
from the point where the person is reading the message — i.e. the DMS). When a percentage less
than 100% is specified, the travel route will use only that percent of the link’s travel time when
computing the overall travel time for the route. Likewise, only that percentage of the link’s
length will be used when computing the overall length of the travel route.

The minimum travel time quality specifies the lowest quality of travel time data that is
acceptable for the link. If travel time data is received for the link that is below the specified
minimum quality, the travel route may not be able to compute the overall travel time for the
route, depending on the “Max # of Links Below Quality Threshold” setting for the travel route.
After changing the settings for a link, the user clicks the “Submit” button to save the settings and
return to the prior page (which will be the Add/Edit Travel Route form or the Travel Route
Details page).

The “Select Next Link” link below the list of currently selected links can be used to add one or
more links to the end of the list. When this feature is used the system can use location based
information for the last link in the list to automatically provide candidates for the next link on the
travel route (see below).
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Select Link
Prior Link
Source ExtID Name Road Direction Length County

INRIX 123P05270 I-95 EXIT 74 [1-93 Northbound 0.458 mi Baltimore

Best Candidates for Next Link(s) Search for Others

Select Source ExtID Name Road Direction Length County Dist From Prior
INRIX 125P05270 1-95 EXIT 74 1-95 Worthbound 0.458 mi  Baltimore 0.0 mi
INRIX 125P05270 1-95 EXIT 74 1-95  Northbound 0.458 mi Baltimore 0.0 mi
INRIX 125P05270 [-95 EXIT 74 -85  Morthbound 0.458 mi  Baltimore 0.0 mi
INRIX 125P05270 [-05 EXIT 74 1-95  Morthbound 0.458 mi Baltimore 0.0 mi

BEEA 3

INRIX 125P05270 1-95 EXIT 74 1-95 Morthbowund 0.458 mi  Baltimore 0.0 mi

| Add Link(s) 1o Travel Route ] [ Cancel |

Figure 5-10 Select Link - Prior Link Exists

The user may choose one or more of the candidate links, or can click “Search for Others” to
perform a search for other links as was required when the list of selected links was empty (no
prior link). The screen capture below shows the form when “Search for Others” has been
clicked.

Select Link

Prigr Link

Source ExtID Name Road Direction Length County
IMRIX 125P05270 1-95 EXIT 74 1-95  Northbound 0.458 mi  Baltimore

Search for Links Show Best Candidates
County Road Type Road Direction: Ext ID:
Any ~ | Any v | Any ~ | Any v

[ Search | [ Show All |

| AddLinkis)to Travel Route | | Cancel |

Figure 5-11 Select Link - Search for Links
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5.1.1.4 Travel Route Toll Rate Source

A Toll Rate Source may be specified for a travel route to allow toll rates to be included in the
travel route. If a toll rate source is not specified, the route will not support toll rates. The toll
rate source may be specified while adding a travel route to the system, editing an existing travel
route’s configuration, or from the travel route’s details page. A table showing the current toll
rate source (if any) will appear on the form or details page as shown below.

Toll Rate Source (Optional, required for Toll Rate)
System Start ID End ID Description

Add Toll Rate Source

Figure 5-12 Toll Rate Source Unspecified

When the “Add Toll Rate Source” link is clicked, a form appears to allow the user to select the
toll rate source for the travel route (see below).

Select Toll Rate Source

Select System Start ID End ID  Description

L8] Vector 521 538 ICC DMS 101 to Exit 1
o Vector 522 539 ICC DMS 102 to Exit 2
o Vactar 523 540 ICC DMS 103 to Exit 3
O Vector 524 541 ICC DMS 104 to Exit 4
O Vector 525 542 ICC DMS 105 to Exit 5
O Vector 526 543 ICC DMS 106 to Exit 6
(i) Vector 527 544 ICC DMS 107 to Exit 7
| SelectTollRate Source | | Cancel |

Figure 5-13 Select Toll Rate Source

The user will select the toll rate source by clicking a radio button on the left corresponding to the
toll rate source they wish to select and clicking the “Select Toll Rate Source” button. Their
selection will be saved and the Toll Rate Source section of the prior page will show their
selection.

Toll Rate Soyrce (Optional, required for Toll Rate)

System Start ID End ID Description
Vector 546 834 ICC DMS 123 to Exit 7 Change Remgve

Figure 5-14 Toll Rate Source Specified

The “Change” link can be used to select a different toll rate source for the route, and the
“Remove” link can be used to remove the toll rate source from the route (effectively disabling
toll rates for the travel route).
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5.1.1.5 Edit Travel Route

Editing a travel route is similar to adding a travel route and uses the same form that is used when
adding a travel route, however the form is pre-populated with the travel route’s existing
configuration data when editing. See Adding Travel Route above for details.

5.1.1.6 Remove Travel Route

A travel route may be removed using the “Remove” link on the travel route list page. A warning
message will confirm the user’s intention and also indicate if the travel route is used by other
objects in the system. After the user removes a travel route, the travel route list will be refreshed
and the travel route will no longer appear.

5.1.1.7 Travel Route Details

The details page for a travel route can be accessed by clicking the “details” link for the travel
route on the travel route list page. The travel route details page shows status information for the
travel route in addition to the travel route’s configuration settings. The data is organized into
sections on the details page — each section is shown and discussed below:

Status

Travel Time: 10 mins (as of 14:10)
Trend: Up {as of 14:10)
Speed: 55 mph (as of 14:10)
Toll Rate: £3.25 (at 14:05)
Used By: n

b

Figure 5-15 Travel Route Details - Status Section

The Status section shows the current status of the travel route. The Travel Time will be shown if
the travel route has one or more links defined and each has travel time data. If the travel time is
not valid due to quality, age, etc. the travel time will still be shown, however it will be grayed out
and a message will state that the time is not valid and the reason. The time next to the travel time
is the time the travel time was computed. The Trend is the travel time trend, and only applies if
travel time applies. The Speed is computed based on the travel route length and the current
travel time and only applies if travel time applies. The Toll Rate is the toll rate supplied by the
toll rate source, if any, and the toll rate’s effective time. The Used By field shows a list of any
CHART objects that are configured to utilize the data from the travel route. For R3B3 only
DMSs use data from travel routes. Clicking on the name of an object listed in the Used By field
will cause that object’s details page to be shown.

Link Status
ExtID Name TT Trnd Speed
125+05270 [-95% EXIT 74 3 mins Up 55

125P05270 1-95 EXIT 74 4 mins Up 47

Figure 5-16 Travel Route Details - Link Status Section
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The Link Status section of the travel route details page (shown above) shows the travel time,
trend, and speed for each link included in the travel route (if any). The Ext ID column is the
identifier for the link in the external system that supplies travel time data for the link (INRIX for
R3B3). The TT column contains the current travel time, Trnd has the current trend, and the
Speed column contains the computed speed for the link based on its travel time and length.

Link Travel Ti ist

1D Name 14:10 14:05 14:00 13:55 13:50 13:45 13:40 13:35 13:30 13:25 13:20 13:15

- o I9SEXIT74 3mins 3Iming 3Iming Z2mins 2ming 2mins 2Zmns 2ming 2mins 2mins 2mins 2 ming
LiE05270 (Quality) {high) (high) (high) (high) ({high) (high) (high) (high) ({high) (high) (high) (high)

125P05270 I-9SEXIT74 4mins 4mins 4minsg 4mins 4mins 2mins Imns 3ming 3mins 2mins 3Imns 3 mins
S (Quality) (high) (high) (hagh) (high) ({high) (high) (high} (high) (high) (high) (high) (high)

TOTAL 7ming 7mins Fmins 6mins 6mins S5mins 3miNns S5mins Sming Smins 3mins 5 mins

Figure 5-17 Travel Route Details - Link History Section

The Link Travel Time History section of the travel route details page (see above) shows the
recent travel time readings received for each of the travel route’s links (if any). The travel times
are organized into 5 minute increments starting from the current 5 minute period. The travel
time quality is shown in addition to each link’s travel time. The Total row contains the travel
time computed for the travel route. One or more intervals could be empty if data was not
received for a link during that period. If two or more travel time readings are received for a link
within the same interval, the latest will be used.

Toll Rate History

Toll Rate Src. 14:10 14:05 14:00 13:55 13:50 13:45 13:40 13:35 13:30 13:25 13:20 13:15
ICCDMS 123t Exit 7 $3.25 $3.25 $3.25 $3.25 $3.25 $3.25 $3.25 $2.25 4$2.25 $2.25 4$2.25 $2.25

Figure 5-18 Travel Route Details - Toll Rate History Section

The Toll Rate History section of the travel route details page (shown above) shows the recent
history of toll rate data received from the travel route’s toll rate source (if any). The toll rate data
is organized into 5 minute increments starting with the current 5 minute time period. One or
more intervals could be empty if data is not received during that interval. If two or more toll rate
updates are received for the toll rate source within the same interval, the latest will be shown.

ink figurati

System ExtID Name Road Direction Length County Dist From Prior

INRIX 125405270 1-95 EXIT 74 -85 Morthbound 2.458 mi  Baltimore N/A sattings move down [emove
INRIX 125P03270 I-95 EXIT 74 1-95 Northbound 0.438 mi Baltimore 0.0 mi setlings move up remove

Select Mext Link

Figure 5-19 Travel Route Details - Link Configuration Section

The Link Configuration section of the travel route details page (see above) shows the
configuration settings for the links included in the travel route (if any). Features exist to allow
the settings for each link to be changed, the order of the links to be changed, or to add/remove
links. Each External Link ID is a browser link that causes the details page for the link to be
shown.

CHART R3B3 Detailed Design 5-13 12/23/2008



Toll Rate Conft z
System Start ID End ID  Description
Vector 548 B43 ICC DMS 123 to Exit 7 Change Remove

Figure 5-20 Travel Route Details - Toll Rate Configuration Section

The Toll Rate Configuration section of the travel route details page shows the currently selected
toll rate source (if any). Links exist to allow a new/different toll rate source to be added and to
allow the currently selected toll rate source to be removed.

General Settings (Edit)

Destination (preferred): White Marsh

Destination (option 1):  Wht Mrsh
Destination (option 2):  N/A

Figure 5-21 Travel Route Details - General Settings Section

The General Settings section of the travel route details page (shown above) shows the current
general settings and provides a link to allow the settings to be edited. The preferred destination
name for the travel route and two shorter alternatives are included.

Location Settings (Edit)

Source: Denved from Links
Counties: Baltimore

Route: 1-95

Direction({s): North

Length: 4.374 mi

Figure 5-22 Travel Route Details - Location Settings Section

The Location Settings section of the travel route details page shows the location related fields.
The Source field indicates if the location is based on data from the links included in the travel
route (if any), or manually entered by a user. A link exists to allow the location settings to be
edited.

Travel Tim: in [(Edit}

Travel Time Enabled: Yes
Max Displayable Travel Time (mins): 25
Min Travel Time (mins): 5

Max # of Links Below Quality Threshold: 0
Alert/Notification Travel Time (mins): 25

Travel Time Alerts Enabled: Yes
Op Ctr To Alert: SOC
Travel Time Motifications Enabled: Yes
Group To Notify: Travel Time Group

Figure 5-23 Travel Route Details - Travel Time Settings Section

The Travel Time Settings section of the travel route details page (shown above) shows the
current value for each of the travel time related settings. An Edit link provides the ability for
users with proper rights to edit any of the settings. These settings are described in the Adding
Travel Route section 5.1.1.2 above.

CHART R3B3 Detailed Design 5-14 12/23/2008



Toll Rate Settings {Edit)

Toll Rate Enabled: Yes
Toll Rate Alerts Enabled: Yes
Op Ctr To Alert: S0C
Toll Rate Notifications Enabled: ves
Group To Notify: Toll Rate Group

Figure 5-24 Travel Route Details - Toll Rate Settings Section

The Toll Rate Settings section of the travel route details page (see above) shows the values of
settings related to toll rates. An edit link allows users with proper rights to edit these settings.

5.1.1.8 Link Details

The Link Details page is accessible by clicking the External ID of a link shown on the travel
route details page.

Link Details: I-95 EXIT 74

Status
Travel Time: 4 mins
Status Time: 14:10

Trend: Up
Speed: 55
History

14:10 14:05 14:00 13:55 13:50 13:45 13:40 13:35 13:30 13:25

TravelTme 3ming 3mine 3miNg ZmMNs 2ming 2Zming 2mnNs 2mins 2ming 2 mins
(Qualty) (hugh) (high) (high} (hegh) (hegh) (high)  (hagh)  (hegh)  (high)  (fagh)

Configuration

System: IMRIX

Ext ID: 125+05270

Link Name: 1-95 EXIT 74
Counties: Baltimore County
Route Type: 1 (Interstate)
Route: 1-95

Direction: Southbound

Link Length {(mi): 0.425

Starting Latitude: 38.0012
Starting Longitude: -77.0012
Ending Latitude: 35.0024
Ending Longitude: -77.0024

Figure 5-25 Link Details

The current status of the link is shown along with its travel time history. Configuration data for
the link as obtained from the external system is displayed but is not editable by any user.
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5.1.2 DMS Message Templates

DMS Message Templates are used to define the format and layout of messages used to show
travel times and/or toll rates on DMSs. Message templates target DMSs of a specific size (rows /
columns) to allow layout features such as columnular data and to ensure messages created with
the template match the layout specified by the template designer. Templates may contain both
text and data fields. Data fields will be replaced with actual data from one or more Travel
Routes when a template is used for a DMS message. The format of each type of data field can
be set per message template, and field group numbers are used to indicate that two or more fields
in a message are to obtain their data from the exact same data source. R3B3 provides features to
view existing message templates, add new templates, edit existing templates, and remove
templates. These features are discussed further in the sections below.

5.1.2.1 View DMS Message Templates

The list of DMS Message Templates can be viewed using the View/Edit link on the system
profile page in the Travel Time / Toll Rate Settings section (see below).

Iraffic Event Settings

Travel Time / Toll Rate Settings

DMS Message Templates View/ Edit k‘.

Message templates for displaying travel times and toll rates on DMS.

Travel Time Range Settings View/Edit

Figure 5-26 View / Edit DMS Message Templates Link

After clicking the View/Edit link, the Travel Time / Toll Message Templates page is shown
listing all existing templates.

Travel Time / Toll Message Templates soicoums  (showdetaut cotmns)
Sign Size Travel Time Travel Time Range Toll Rate Toll Time Route Length
Template Page 1 Page 2 Example . ons  Format Format Format Format Format
Tan Message P T R e S
-Ay- ¥ -Any bt Ay b -Any e -Any: bt Any- b

TT to DEST <TT1> TO <DEST1> <TT4> TO <DEST4>
multiple routes 3x21 <TT2>TO <DEST2> <TT5> TO <DEST5> B
3x21 <TT3> TO <DEST3> <TT6> TO <DESTG>

<TR1> TO <DEST1>
TR to DEST and T Edit " &
1 route 3x18 e R “ Remove S M 3333

<TR1> Edit
ICCTollMsg3x8 3x8  <TRZ> m ’ s9.99 12:59 PM
<TRTIME> s

999 MIN

New Template: |~ SelectSize - ¥

[ BackTo System Profle |

Figure 5-27 Travel Time / Toll Message Template List

The following columns are shown with data for each template as applicable:
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¢ Template — The name of the template assigned by the user.

¢ Sign Size — The size of the sign for which the template can be used (rows / columns)
e Page 1 — A text representation of the first page of the template.

e Page 2 — A text representation of the second page of the template.

e Example Message — An example of the message layout and format, using place holders
for data fields.

e Actions — Links that allow the template to be edited or removed.

¢ Travel Time Format — The format used for travel time fields included in the template (if
any)

e Travel Time Range Format — The format used for travel time range fields included in
the template (if any).

¢ Toll Rate Format— The format used for toll rate fields included in the template (if any).

¢ Toll Time Format - The format used for toll rate time fields included in the template (if
any)

¢ Route Length Format — The format used for route length fields included in the template
(if any).

The template list can be sorted on the following columns: template name, sign size, travel time
format, travel time range format, toll rate format, toll time format, and route length format.

The template list can be filtered based on values in the following columns: sign size, travel time
format, travel time range format, toll rate format, toll time format, and route length format.

The template list also supports showing / hiding columns. The Set Columns link can be clicked
to show a list of the columns with a check mark next to each column that is currently displayed.
The user can uncheck columns they wish to hide, or check columns they wish to show and
submit the form. The template list will be refreshed to reflect the user’s settings.
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Figure 5-28 Template List Column Settings

If the column display settings have been changed from the default, a “Show Default Columns”
link will appear that allows the column settings to be returned to the default. Column settings are
saved on a per user / per machine basis, meaning if the user logs out of CHART and logs back in
the future using the same machine user account, browser, and CHART user account, their prior
column display settings will still be in effect.

The New Template select list at the bottom of the template list allows the user to create a new
template for a sign size they select. See the section below for more information regarding adding
DMS Message Templates.

5.1.2.2 Add DMS Message Template

Message templates are added to the template list using the New Template select list that appears
below the list of templates. To add a template, the user first selects a DMS size (rows x
columns) for which the template will be used.
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Figure 5-29 Add Message Template - Select Sign Size

After selecting the sign size, the Add Template form will appear, shown below. The user can
add text and/or data fields to any row of the message template. As entries are made in the rows,
the display at the top of the page shows a graphical representation of a message specified by the
current template settings, using “dummy data” for data fields. Data fields are added as ‘“tags”
that represent the type of field and the data source index number. All tags that have the same
index will be replaced with data from the same data source when the template is used to create an
actual message. Data fields in DMS messages that are created using a template will be updated
as the data changes in the data source(s) used for the message.
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Figure 5-30 Add DMS Message Template

In the example above, Row 2 of the first page has a <DEST1> tag to include the destination from
a travel route, followed by a <TTRANGEI1> tag to include the travel time range from that same
data source. (The index “1” in both the DEST1 and TTRANGEI tags indicate both pieces of
data will be obtained from the same data source.) Adding a tag to the message is done by
clicking the “Tag” link next to the row where the tag will be added. This causes a popup to
appear that provides links used to add any of the available tags to the row (see below).
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Figure 5-31 DMS Message Templates - Adding Data Fields

The following data fields are available for use in a template:

Destination — Destination fields will be replaced with the largest of the three destinations
specified for a travel route that fits in the space allotted for the field (preferred, option 1,
or option2). Destination fields use all available space by default. A number can be
entered at the beginning of the field tag (such as <6DEST1>) to make the destination
field use a specific width. This feature can be useful when aligning data in columns.
Destination fields are represented as asterisks in the graphical display when using the
default width, and as X’s when set to use a specific width. When at least 1 destination
tag is used in a template, a Justify Within DEST Tag field will appear on the form to
allow the user to specify if destinations that do not use the entire width of the dest field
will be left, right, or center justified.

Travel Time — Travel time fields (represented by a tag of the form <TT1> will be
replaced with a travel route’s current travel time. After at least 1 travel time field is
included in the template, a Travel Time Format field will appear on the form to allow the
user to specify the format to be used for all travel time fields in the template. The format
chosen ultimately specifies the width of the field in addition to the time format.

Travel Time Range — Travel Time Range fields (represented by a tag of the form
<TTRANGEI1>) will be replaced by a travel time range rather than the actual travel time.
A travel time range is created by taking the actual travel time from a travel route and
subtracting a few minutes to get a low range, and adding a few minutes to get a high
range, yielding a range such as 11-14 minutes. The number of minutes added/subtracted
are specified in the system profile, and can differ based on amount of the actual travel
time. Like the travel time field, once a travel time range field is used in the message
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template a format field will appear on the form that allows the user to choose the format
used for all travel time range fields in the template. Each format specifies the width
required for the field in addition to the number of digits for the travel times, whether or
not “Minutes” or some abbreviation of minutes will appear, etc.

e Toll Rate — Toll Rate fields (represented by a tag of the form <TR1>) will be replaced
with the current toll rate for a travel route. After at least one toll rate tag is included in
the template, a Toll Rate Format field will appear on the form to allow the user to choose
the format used for all toll rate fields that appear in the template. Like the other field
formats, each toll rate format also specifies the width of the field.

¢ Distance — Distance fields (represented by a tag of the form <DISTANCE1>) will be
replaced by the distance specified for a travel route. This distance may be derived from
the links included in the travel route or may have been manually entered by a user. When
at least 1 distance field is used in the template, a Distance Format field will appear on the
form to allow the user to specify the format to use for all distance fields in the template.
Distance formats specify the size of the field in addition to the number of digits, whether
tenths of a mile are included, and whether or not the word “miles” or an abbreviation of
“miles” is included in the field.

e Toll Rate Time - Toll Rate Time Fields (represented by a tag of the form <TRTIME>)
will be replaced by the latest toll rate effective time for a toll rate included in the
template. Note that toll rate time does not contain an index like the other fields — the toll
rate time used is determined by the system. When at least one toll rate time field is
included in the template, the Toll Rate Time Format field will appear to allow the user to
select the format used for all toll rate time fields in the template. The toll rate time
format specifies the time format to use which ultimately specifies the width of the field.

By default, each row of the template will be centered, however the user can also choose to left or
right justify on a row by row basis. The user may choose the Page On Time” to control how
long each page of a two page message will be displayed before blanking the sign and then
displaying the next page. The Page Off Time setting allows the user to choose how long the sign
will remain blank when switching pages.

The If Route Data Missing setting specifies how the template is to be used if data for a field
included in the template is missing for any reason. The user can choose to discard the entire
message, discard the page of the message with missing data, or discard the row with missing
data. The best choice for this setting will depend on the content of the message template. For
example, if the template is set up such that travel times for multiple destinations are listed, it may
be OK to just discard a row if data is missing. If, however, the template has data for a single
route spread across multiple rows of the DMS, it is probably better to discard the entire page or
message.

The user can enter a description of the template which will appear in the template list as well as
the select list used to choose a template for a DMS message.

Normally, the advanced form of the template editor is shown, but it is possible for the user to
show a simpler version of the editor by clicking the “Show Def. Editor” button. The default
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version of the editor does not allow the user to choose page justification or page on/off times.
Other than that, the default editor works the same way as the advanced editor (see below).
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Figure 5-32 DMS Message Templates - Default Editor

In both the advanced and default versions of the editor, a Check Spelling button appears that
allows the user to perform a spelling check on the message.

5.1.2.3 Edit DMS Message Template

Existing templates can be edited by clicking the “Edit” link for a template in the template list.
This will cause a form identical to the form shown above for adding a template to appear pre-
populated with the template’s data. The user can then make any changes to the template and
save their changes.
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5.1.2.4 Remove DMS Message Template

Existing templates can be removed from the system by clicking the “Remove” link for a template
in the template list. A warning message will confirm the user’s intent before removing the
template from the system.

5.1.3 Travel Time and Toll Rate Messages

Travel time and toll rate messages are created by combining a message template with data from
one or more travel routes. Whether a message will contain travel time(s), toll rate(s), or both
depends on the data fields in the template and the data available for the selected travel route(s).
Travel Time and Toll Rate messages can be configured for any DMS as long as there is a DMS
message template available that matches the size of the DMS. A DMS may have multiple travel
time / toll rate messages configured for use on the DMS, however only one may be enabled at
any given time. A list of travel time / toll rate messages configured for a DMS is shown on each
DMS details page. A user with appropriate rights can add, edit, remove, enable, and disable
travel time messages. See the sections below for details.

5.1.3.1 Travel Time / Toll Rate Message List

The travel time / toll rate message list appears on the details page of each DMS (see below). It
shows the currently configured messages (if any), the status of each message (enabled or not),
and provides links to allow each message to be enabled/disabled, edited, or removed. A link is
also provided to allow a new travel time / toll rate message to be added to the DMS
configuration.

Travel Time / Toll Message (:dq)
Message Status Action

Enabled | uzable Edit Remove

Enable Edit Remove

Figure 5-33 Travel Time / Toll Rate Message List on DMS Details Page

The graphical representation of each message shown in this list uses the actual data from the
travel routes specified in the message when available. When actual travel route data is not
available, “dummy data” will be used in the data fields in the message.

5.1.3.2 Add Travel Time / Toll Rate Message

When the user chooses to add a travel time / toll rate message to a DMS, a form is shown to
allow the user to specify the message template to be used for the message and the travel routes to
be used to supply data to the data fields in the template (see below).
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Figure 5-34 Add Travel Time / Toll Rate Message - Initial Form

The Message Template list will contain all templates that have a size that matches the size of the
DMS. After the user selects a template, the content of the template is shown and a select field
will appear for each different data source specified in the template as shown below.
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Figure 5-35 Add Travel Time / Toll Rate Message - Template Selected

Each Route selection list corresponds to the data fields in the template with the same index as the
Route list. The user selects the travel route that will be the source of data for those fields. For
example, the list labeled “Route 2 corresponds to all data fields whose tag ends with the number
“2”. In the example above, that would be the <TT2> and <DEST2> fields. The travel route
selected for Route 2 will be used to supply data for those fields.

The user is not required to select a route for each data field index that exists in the template. If a
travel route is not selected for an index that appears in the template, the fields with that index
will be considered to have missing data, and the display of the message will depend on the
template’s missing data setting.

As the user selects routes, the Formatted Message section of the form will show a graphical
display of the message that will result given the current template selection and route selection(s).

The Automatic row positioning feature can be selected to cause the system to use an automatic
vertical layout when all rows of a message page are not filled (either due to the layout of the
template or due to missing data when the “discard row” missing data rule exists in the template).
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The automatic vertical layout rules cause row 2 of a DMS to be used if the page has only a single
row, and rows 1 and 3 to be used if the message has only 2 rows. This applies to DMSs that
have 3 or 4 rows.

After the user has selected a template and selected routes to be used to supply data to the fields
of the template, the user may click the OK button to save the message. The message will appear
in the DMS’s travel time / toll rate message list and will be disabled until specifically enabled by
the user.

5.1.3.3 Edit Travel Time / Toll Rate Message

A user with sufficient rights can edit an existing travel time / toll rate message by clicking the
“Edit” link next to the message in the message list. An Edit form that is identical to the Add
form shown above will appear pre-populated with the user’s prior selections. The user may then
make changes and click the OK button to save their changes.

5.1.3.4 Remove Travel Time / Toll Rate Message

A user with sufficient rights can remove a travel time / toll rate message. A warning will be
shown to prevent accidental removal. After the user confirms their intention to remove the
message, the message will be disabled (if currently enabled) and will be remove from the DMS’s
travel time / toll rate message list.

5.1.3.5 Enable Travel Time / Toll Rate Message

A user with sufficient rights can enable a travel time / toll rate message by clicking the “Enable”
link for the message in the DMS’s travel time / toll rate message list. When a message is
enabled, any currently enabled message will first be disabled (only one travel time / toll rate
message can be enabled at a time). The travel time / toll rate message will then be placed on the
DMS’s arbitration queue. If the message contains at least 1 toll rate field, the message will be
placed in the arbitration queue “bucket” specified in the DMS configuration for use with toll rate
messages. By default, the “toll rate” bucket is used, however any of the buckets can be set for
toll rate message use in the DMS configuration, including the highest priority bucket “urgent”.
If the message does not contain any toll rate fields, the message will be placed in the arbitration
queue “bucket” specified in the DMS configuration for use with travel time messages. By
default the “travel time” bucket will be used but any other bucket can be set for travel time
message use in the DMS configuration. The decision of which bucket to configure for use with
travel time / toll rate messages depends largely on the purpose of the DMS, and the default
settings will usually be sufficient for DMSs that display traffic event and travel time/toll rate
messages.
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Figure 5-36 DMS Arbitration Queue With Toll Rate Message

Once placed on the DMS arbitration queue, the actual display of the travel time / toll rate
message on the DMS field device is governed by the arbitration queue as well as several other
factors that apply only to travel time / toll rate messages. The existing arbitration queue
processing which chooses the message to display based on priority and allows single page
messages to be combined (based on combinability configuration settings) applies to travel time /
toll rate messages. Travel time / toll rate messages on the arbitration queue can be moved just
like any other message that exists on the arbitration queue (such as those from traffic events).
Removal of a travel time / toll rate message from the arbitration queue is the same as disabling
the message.

Several factors specific to travel time / toll rate messages can prevent the display of the message
even if the arbitration queue would otherwise display it based on priority and/or message
combination rules, as follows:

e Missing Data — If valid data is not available for one or more of the data fields specified
in the template used by a travel time / toll rate message, the ability to display the message
will be based on the missing data rule specified in the template. If the rule is to discard
the message, the message will not be displayed. If the rule is to discard the page, and no
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other page without missing data exists, the message will not be displayed. If the rule is to
discard the row, and there are no rows that do not have missing data, the message will not
be displayed. Note that in addition to a broken data feed for a travel route’s links or toll
rate source, several other conditions may cause a travel route’s data to be unavailable.
This includes conditions such as travel time quality below the accepted level, travel time
above the configured threshold for a travel route, disabled travel time or toll rate for a
route, expired data, and others.

¢ Travel Time Schedule — If a message is considered a travel time message (due to its lack
of any toll rate fields in the message), the message is subject to the travel time message
schedule specified for the DMS. By default, a DMS will be configured to utilize the
system-wide travel time display schedule, however the display schedule may be
overridden for a DMS. The DMS may be set to allow the display of travel time messages
without restriction (24x7) or may specify time periods during the day when travel time
messages may be displayed, regardless of the system-wide schedule. When a travel time
message is not displayed due to the travel time message display schedule, the message
remains enabled and remains on the arbitration queue, ready to be displayed when the
schedule allows.

5.1.3.6 Disable Travel Time / Toll Rate Message

A travel time / toll rate message can be disabled by clicking the “disable” link for the currently
enabled travel time / toll rate message in the DMS’s travel time / toll rate message list. Disabling
the travel time / toll rate message will cause it to be removed from the DMS’s arbitration queue
and the arbitration queue will re-evaluate to determine if it needs to change the DMS display.

5.1.4 DMS Travel Time / Toll Rate Settings

There are several groups of settings within the DMS configuration that apply to travel time / toll
rate messages: arbitration queue level settings for travel time and toll rate messages, travel time
message schedule settings, and associated travel routes. Details are provided in the sections
below.

5.1.4.1 DMS Arbitration Queue Level Settings

Two fields in the DMS basic configuration specify the arbitration queue “buckets” to be used for
travel time and toll rate messages.
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Figure 5-37 DMS Travel Time / Toll Rate Arb Queue Levels

These settings specify which of the arbitration queue “buckets” a travel time or toll rate message
is placed in when the message is enabled. Once in the arbitration queue the user can move the
message to a different bucket ... this setting is the bucket used for initial placement into the
arbitration queue.

5.1.4.2 DMS Travel Time Message Schedule

Each DMS contains settings for its travel time message display schedule. The settings can
specify that the DMS is to use the system-wide travel time display schedule or a custom schedule
for the DMS. The custom schedule can specify that there are no restrictions on displaying travel
time messages on the DMS (allowed 24x7), or the schedule can specify periods during the day
when travel time messages are allowed.

Travel Time Message Schedule: (Edit)

Custom Schedule In Use
Travel Time Message Allowed From 05:30 Until: 09:30
Travel Time Massage Allowed From 15:00 Until: 18:30

Figure 5-38 DMS Travel Time Message Schedule

The current schedule settings are shown on the DMS details page (shown above). Users with
rights to configure the DMS can use the “Edit” link to edit these settings. When the edit link is
clicked, a form appears allowing the schedule settings to be changed (see below).
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Figure 5-39 DMS Travel Time Message Schedule Form

If the user chooses Use System Default Schedule, no other settings will appear on this form and
the DMS will use the system-wide travel time message schedule. When Specify Custom
Schedule is chosen (as shown above), the user can choose to enable messages 24x7 (no
restrictions) or choose to enable messages during specific times of the day. When enabling
messages during specific times of day, the user enters one or more start and end times. The
“Add Time Range” link allows more time ranges to be added. Note that the schedule applies to
all days, even weekends and holidays.

5.1.4.3 DMS Associated Travel Routes

The list of travel routes that may be used in travel time / toll rate messages for a DMS may be
specified for each DMS. Only travel routes previously associated with a DMS will be available
for use in travel time / toll rate messages for that DMS. This requirement has two purposes:

e [t keeps the route selection list (shown when creating a travel time / toll rate message)
short

e [t allows an administrator to specify the travel routes that are applicable to a DMS,
preventing the creation of travel time/toll rate messages that are inappropriate for the
DMS. For example, setting the list of applicable routes properly can prevent a message
for a travel route that does not begin at the DMS from being displayed on the DMS
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Figure 5-40 DMS Associated Travel Routes - DMS Details Page

The current list of travel routes associated with the DMS (if any) are shown on the DMS details
page (see above). Each travel route name shown is a link to the details page for the travel route.
Users with rights to configure the DMS can click the “Edit” link to edit the list of travel routes
associated with the DMS.
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Figure 5-41 DMS Associated Travel Routes - Edit Form

All routes available in the system that are not already associated with the DMS will be shown in
the Available Routes list on the left. The user can select available routes and use the Add button
to associate the routes with the DMS, or choose a previously selected route and click the Remove
button to disassociate them from the DMS. When the list of Selected Routes is set as desired, the
user clicks the Submit button to save their changes.

5.1.5 System Profile Travel Time Settings

There are several groups of settings in the system profile related to travel times. This includes
configuration settings that specify how travel time ranges are created given an actual travel time,
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the system-wide travel time message display schedule, and miscellaneous travel time settings.
These settings are all accessed via links in the Travel Time / Toll Rate Settings section of the

system profile page as shown below.

DMS Message Templates

Message templates for displaying travel times and toll rates on DMS.

Travel Time Range Settings  View/

shown as 15-20 minutes.

Travel Time Message Schedule View/Edi

on a DMS. These global settings can be overridden for each DMS.

Miscellaneous Travel Time Settings  View/Edit {—-—

Miscellaneous settings related to travel ti

Figure 5-42 Travel Time System Profile Settings

Details on each of these groups of settings can be found in the sections below.

5.1.5.1 Travel Time Range Settings

Specify how actual travel times are converted into a travel time range. For
example, an actual travel time of 17 minutes might be grouped into a range

Specify the times during the day when travel time messages may be displayed

The travel time range settings specify how the system is to create a travel time range given a

single travel time.
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Figure 5-43 Configure Travel Time Range Settings

Travel time ranges are formed by starting with an actual travel time and subtracting a number
from it to get the low end of the range, and adding a number to it to get the high end of the range.
The system allows the numbers that are added and subtracted from the actual travel time to be
specified differently based on the travel time value. The left hand column specifies the lowest
travel time that uses the add/subtract numbers on that row. The first row always has 1 as the left
hand column. To use a single set of add/subtract values for ALL travel times, only that first row
is needed. All travel times greater than 1 will use the add/subtract numbers in that row. If,
however, different add/subtract numbers are to be used as the travel time becomes larger,
additional rows can be added to specify the thresholds at which the add/subtract numbers change.
In the example above, the range created for all travel times from 1 to 9 will subtract 2 and add 2
to the actual travel time. For travel times from 10 to 29, the add/subtract numbers are both 3, and
for all travel times 30 and above, the add/subtract numbers are both 5.

The user can use the “add more rows” link if more than 3 different sets of add/subtract numbers
are desired. The Examples column shows an example of the travel time range created for a
travel time using the add/subtract numbers on each row. To edit the settings, the user makes
entries in each field for the rows they wish to use, and blanks all fields on rows they wish to
remove, and clicks Submit. The settings take effect immediately and will be applied the next
time a travel time range field is populated in a travel time / toll rate message.
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5.1.5.2 System-Wide Travel Time Message Schedule

The system-wide travel time message schedule is used for DMSs whose travel time message
schedule is set to use the system default (no custom schedule). It can either specify that there are
no restrictions on the display of travel time messages (24x7), or sets specific time periods when

travel time messages may be displayed.
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Figure 5-44 System Wide Travel Time Message Schedule

When entering specific time periods, the user selects a start time and end time for each period
when travel time messages may be displayed. The “Add Time Range” link can be used to add

additional time periods.

5.1.5.3 Miscellaneous Travel Time Settings

Several miscellaneous travel time settings exist in the system profile (see below).
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Figure 5-45 Miscellaneous Travel Time Settings

The Travel Time Trend Threshold setting specifies the percent change required in the recent
travel times for a travel route for the system to consider the trend up or down. If the change is
less than this percent, the trend is considered flat.

The Travel Time Trend Sample Size setting specifies the number of travel times to average
together when determining the trend. This number of latest recent travel times will be averaged
and compared to the average of the earliest recent travel times for a travel route to determine the
percent change. The Travel Time Trend Threshold will then be used to determine if the trend is
flat or up/down.

The Travel Time Expiration setting specifies the amount of time a travel time is considered to
be valid. A travel time that has not been updated within this timeframe will be considered
expired.

5.1.6 Geographical Settings

Geographical settings include the management of geographical areas and coordinate sanity check
limits. Geographical areas are named polygons that are used in external event import rules as
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well as external device query rules. They may be used in a future release as the basis for areas of
responsibility. The coordinate sanity check limits are settings that are used to make sure that
user entered latitude and longitude values are reasonable. The geographical settings are available
in the Geographical Settings section of the system profile page as shown below.

Geographical hl~tli|||_|'-.

Geographical Areas wview | edit
Defines named geographical areas to be used for various purposes (e.qg.,
importing external events and devices).

Misc. Geographical Settings view [ edit
Miscellaneous settings related to geographical coordinates.

GUI Settings

Figure 5-46 Geographical Settings

See the sections below for details on the Geographical Settings.

5.1.6.1 Geographical Areas

Geographical areas are used as filter criteria in external event import rules and in queries used to
manage external devices. When accessed via the system profile page, the list of currently
defined geographical areas is shown.
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Figure 5-47 Geographical Areas — List

The list shows each geographical area’s name and provides links for each area to allow it to be
edited or removed. Links at the top and bottom of the page allow new areas to be added. The
Back To System Profile button navigates back to the user profile page. The sections below
provide more details about managing geographical areas.

5.1.6.1.1 Add Geographical Area

To add a geographical area, the user needs to specify a name for the area and the points that
make up the polygon that defines the area. Rather than (or in addition to) adding points
manually, points can be imported from a KML file, a file format supported by most popular
mapping products.
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Figure 5-48 Add Geographical Area

To import points from a KML file, the user must first generate the KML file with the mapping
product of their choice and store it on the computer they are using to access CHART. The user
can then use the Browse button to navigate to the file on their computer and select it. After the
file is selected, the user must click the “Import Points From File” button. The points in the KML
file will be used to populate the latitude and longitude fields in the Location Points table, with
rows being added to the table as needed. After points are imported, the user may still choose to
make manual point entries, or they can use the Add Area button to add the area as defined via the
imported points.

When manually entering points, the user can use the Insert Point link to insert fields for a new
point above the row where they click the Insert Point link. They can use the Add Another Point
link to add fields for another point below the current list of points.

After the list of points is complete, the user can click the Add Area button to add the area to the
system. The Geographical Areas list will be shown and the new area will be included in the list.
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5.1.6.1.2 Edit Geographical Area

The user may edit an existing geographical area using the “Edit” link for the area in the
geographical area list. The same form used to add an area (see above) will be shown; however it
will be populated with the name of the area and the points currently included in the area. The
user can then make any edits necessary and submit the form to save their changes.

5.1.6.1.3 Remove Geographical Area

The user may remove a geographical area using the “Remove” link for the area in the
geographical area list. A warning message will appear to help prevent accidental removal, and if
the user confirms their intention to remove the area the geographical area list will be refreshed
and the removed area will no longer appear in the list.

5.1.6.2 Miscellaneous Geographical Settings

The miscellaneous geographical settings include minimum and maximum latitude and longitude
values used to check user lat/long entries to make sure they are reasonable. These could be set to
the full allowed range of latitude and longitude for the world (-180, 180, -90, 90), or could be set
to a geographical region closer to the area of operation encompassed by the CHART system
(such as the mid-Atlantic states).
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Max Longitude (eastern boundary)
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| SaveChanges | | Cancel |
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Figure 5-49 Miscellaneous Geographical Settings
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5.1.7 External Events

External events were added to the CHART system in R3B2. This feature is enhanced in R3B3 to
allow rules to be defined to control which events are imported into the system. These rules are
also used to trigger actions related to external events that are imported, such as firing an alert
and/or notification and marking an external event as interesting. The list of existing external
event import rules can be viewed and rules can be added, edited, and removed. See the sections
below for details.

5.1.7.1 View External Event Inclusion Rules

The external event inclusion rules page is accessed via the view / edit link for External Event
Rules in the External System Settings section of the system profile (see below).

DMS System Settings

External System Settings

General External System Settings  view [ adi
General settings related to external system connections/interfaces,

External Event Rules yiew | adit
Defines the import rules for external events.

External DMS Management vew | edit

Maintains a list of all New/Included/Excluded external DMS objects.

External TS5 Management

Figure 5-50 External Event Rules Link

After clicking the view/edit link, the External Event Inclusion Rules page is shown and all
existing rules are listed. Any external event that meets any of the rules will be imported into the
CHART system. If a rule is matched, other rules are still inspected to see if the import of the
event should trigger an action. The name of each rule is shown along with the rule criteria and
the actions associated with each rule (see below).
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Links are included in the list to allow each rule to be edited or removed. A link at the top of the
page allows a new rule to be added. The Back To System Profile button can be used to return to
the system profile page.

5.1.7.2 Add External Event Inclusion Rule

When the Add link is clicked on the External Event Inclusion Rules page, the Add External
Event Inclusion Rule page is shown. Each rule must be given a name and one or more criteria.
Rules can optionally specify one or more actions to be taken when an event is imported that
matches the rule.
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Figure 5-51 Add External Event Inclusion Rule

An external event must meet all criteria specified to match the rule. An event matching the rule
will be imported into the CHART system and will cause any actions specified in the rule to be
performed. The following criteria can be specified:

® Geographical Area(s) — One or more geographical areas (see section 5.1.6.1 above). An
external event whose lat/long falls within any of the specified geographical areas will
satisfy this criterion. A value of “Any” can be selected and will match any location
specified within an external event (including those with no location specified). A special
value of “Empty/Unspecified” may be selected and will match external events without a
location specified.
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State(s) — One or more state codes. An external event that has a state code equal to any
of the state codes specified will match this criterion. A value of “Any” can be selected
and will match external events with any state specified (including those with no state
specified). A special value of “Empty/Unspecified” can be selected and will match
external events with no state specified.

Route Type(s) — One or more route types on which an external event may be located, for
example Interstate, US Route, State, etc. An external event that has a location with a
route type equal to any of the route types specified will match this criterion. A value of
“Any” can be selected and will match any route type included in the external event
(including those with no route type specified). A value of “Empty/Unspecified” can be
selected to match external events that have no route type specified.

Closed Lanes — The number of lanes closed indicated by the event. An external event
that has at least the specified number of lanes closed will match this criterion. A value of
“Any” can be specified to match external events with any number of lanes closed
(including those without the number of lanes closed specified). A value of
“Empty/Unspecified” can be selected to match external events that don’t have the number
of closed lanes specified.

Event Types — The event types that will match this rule. If an external traffic event has
an event type that will become any of the selected CHART event types after import, the
external event will be included. If no event types are selected, external events with any
event type will match this criterion.

Search Text — One or more text strings that can be found in the event’s name,
description, route number, or county. If any of the strings entered are found in any of the
fields listed, the external event will match this criterion. If no text strings are entered, a
text search will not be included when checking to see if an external event matches the
rule.

The following actions can be specified in the rule:

Send Alert — If this action is specified in the rule, any external event matching the rule
will cause an alert to be sent to a specified operations center. When the action is enabled,
a list box will appear to allow the user to choose the operations center.

Send Notification — If this action is specified in the rule, any external event matching the
rule will cause a notification to be sent to a specified notification group. When the action
is enabled a list box will appear to allow the user to select the notification group.

Mark As Interesting — If this action is specified in the rule, any external event matching
the rule will have its “interesting” flag set to true when the event is imported. This will
cause the event to appear on the home page (in the external events tab) of all users.

5.1.7.3 Edit External Event Inclusion Rule

An existing external event inclusion rule can be edited by clicking the “Edit” link for the rule in
the rule list. A form will appear that is nearly identical to the Add External Event Inclusion Rule
form shown above and will be pre-populated with the rule’s current data. The user can make any
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desired changes and submit the form. Changes to a rule take effect immediately and will be used
the next time external event data is received (or retrieved) from an external system.

5.1.7.4 Remove External Event Inclusion Rule

An external event inclusion rule can be removed from the system by clicking the “Remove” link
for the rule in the rule list. A warning will appear and the rule will be removed if the user
confirms their intent to remove the rule. The rule list will refresh and the removed rule will no
longer appear.

5.1.8 External Devices

R3B3 allows external devices to be imported into the CHART system. Unlike traffic events,
which are imported automatically based on a set of rules, external devices must be explicitly
included in the CHART system by an administrator. External DMS (signs) and TSS (detectors)
are supported in R3B3. Lists of candidate external devices (DMS or TSS) are managed by the
administrator to mark devices for inclusion in CHART. A search feature allows the
administrator to manage small sets of devices at a time, based on geographic location and other
criteria. In addition to allowing devices to be marked as included, the system also allows devices
to be marked as excluded. A device marked as excluded will be removed from CHART if it was
previously included. A device marked neither included nor excluded remains a candidate for
inclusion and is not included in the system. The included flag, excluded flag, or lack of either
flag can be used as search criteria to further assist the administrator in managing the lists of
external device candidates. Once an external device is included in CHART it can be viewed on
the appropriate device list page along with CHART devices of the same type. Filters on the list
pages allow external devices to be shown or hidden, and also allow the external devices to be
filtered by agency. See the sections below for more details.

5.1.8.1 Managing External Devices

External device management screens are accessed from the system profile in the External System
Settings section (see below). The administrator can click the view/edit link for the type of
external devices they wish to manage (DMS or TSS).
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Figure 5-52 External Device Management Links

Aside from the device type being managed, management of external TSS and DMS devices is
identical. Management of DMSs is shown in the examples below.

After clicking the device management view/edit link for the device type to be managed, a query
screen appears (shown below) to allow the administrator to specify the group of devices they
wish to manage.
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Figure 5-53 Manage External DMSs - Query Page

The following search criteria may be entered.

Agency — One or more agencies. Devices that are owned by any of the selected agencies
will match this search criterion. A value of “Any” may be selected to match devices
from any agency (including those without an agency specified). A value of
“Empty/Unspecified” can be used to match devices without an agency specified.

Geographical Area — One or more geographical areas. Devices that are located within
any of the specified areas will match this search criterion. A value of “Any” may be
selected to match devices in any location. A value of “Empty/Unspecified” can be
selected to match devices that don’t have location data specified.

Search Text — A text string to search for in the device name/description, location
description, county, or route. If specified, only devices with the given text in at least one
of these fields will match this criterion. If no text is entered, search text will not be
included in the search.

CHART Applicability — Flags used to select devices based on their previously set
CHART applicability (included, excluded, or neither). At least one flag must be selected.
All flags should be selected if the desire is to see all devices that match the other search
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criteria.  Only devices whose included/excluded flag settings match the selected
applicability settings will match this criterion.

To view all external devices, the Agency and Geographical Area criteria should be set to Any,
the search text should be left blank, and all CHART applicability flags should be selected. If this
is done, the list of devices could be very large and therefore it is usually better to enter other
search criteria.

After the criteria are entered, the administrator can click the “Show DMS’s” button to see the
devices that match the specified criteria.
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Figure 5-54 Manage External DMSs - Search Results

The devices are shown along with their current included/excluded setting. The list can be sorted
by Description, Location, Agency, Included Flag, or Excluded Flag, and can be filtered by
Agency. The list can also be filtered using check boxes at the top to show or hide devices based
on their current settings for the CHART applicability flags. The user can place check marks in
the included or excluded box for each device, or both boxes can be left unchecked. The Include
All and Exclude All buttons can be used to select all boxes in a column rather than having to
select each individual box. When finished making their selections, the user must click the Save
button to save their settings and cause the system to import newly included devices and remove
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previously included devices that are no longer marked as included. The devices that are
imported can be viewed in the appropriate device list.

5.1.8.2 Viewing External DMSs

External DMSs that have been marked as included and imported into the system can be viewed
on the DMS List page along with CHART (internal) DMSs. The DMS List is accessed via the
Message Signs link in the navigation area of the home page in the Device Management section.

Device Management
Jul Q0N

- Select Filtai - »

Figure 5-55 Message Signs Link on Home Page

After clicking the Message Signs link, the list of DMSs is shown. Initially, only CHART DMSs
will appear. To view the external DMSs, the user must check the External DMSs box.
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Figure 5-56 DMS List with External DMSs

The external DMSs are shown with a different background color to allow them to be
distinguished from CHART DMSs. It is also possible to hide CHART DMSs to show only
external DMSs by unchecking the CHART DMSs box. When external DMSs are shown,
checkboxes for each agency for which one or more DMS is included in the CHART system
appear. The user can check a box to show devices from an agency or uncheck a box to hide
devices from an agency.
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5.1.8.3 Viewing External TSSs

External TSSs that have been marked as included and imported into the system can be viewed on
the TSS List page along with CHART (internal) TSSs. The TSS List is accessed via the
Detectors link in the navigation area of the home page in the Device Management section.

r
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Figure 5-57 Detectors Link on Home Page

After clicking the Detectors link, the list of TSSs is shown. Initially, only CHART TSSs will
appear. To view the external TSSs, the user must check the External Detectors box.

Search:
Toggle Meny | Recent Events | Back | Forward | Refresh | Center Rpt | Communications Log | [nstant Messaging | Home Page | Paging | Map | Traffic Events | Help
Detectors (28) swsmms  setcoumns
Show: [¥] CHART Detectors [#] External Detectors
External Detectors: [ZJ0DOT [ 0eiDoT [ PennpoT FvooT
Speed (Low Ava) Route Direction County/State Status
Description
o / Location ry Any- ¥ | | -Any- ¥ | -Any- ¥ | ~Any- v
ny-- A

m 300 20 MPH 1-95 Nerth Baltimore County, MD  Online 15:20
test location

L 20 MPH 1-95 North County, State Online 15:20
DDOT Location 0
*\ 600 22 MPH 1-95 North Baltimore County, MO Maintenance 15:18
test
*“ DelDOT Datector 1 22 MPH 1-55 North County, State Maintenance 15:18
DelDOT Location 1
“\ 00 41 MPH 1-85 North Baltimore County, MD  Maintenance 15:19
test
\ PennDOT Detector 2 41 MPH 1-95 North County, State Maintenance 15:19
PannDOT Location 2 :
=2 Copv of 500 No Data 1-95 North Baltimore County, MD offine 12/01/08 09:09
test location v

%4 Local inianet 100% -

Figure 5-58 TSS List with External TSSs

The external TSSs are shown with a different background color to allow them to be distinguished
from CHART TSSs. It is also possible to hide CHART TSSs to show only external TSSs by
unchecking the CHART Detectors box. When external TSSs are shown, checkboxes for each
agency for which one or more TSS is included in the CHART system appear. The user can
check a box to show devices from an agency or uncheck a box to hide devices from an agency.
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5.1.9 External System Related Settings

Several groups of settings related to external systems (in addition to the external event rules and
external device inclusion settings discussed above) are available in the system profile.

5.1.9.1 External System Connection Alert / Notification Rules

The External System Connection Alert / Notification Rules are configuration values for each
external connection that specify if alerts and/or notifications are enabled for a connection. When
alerts are enabled for a connection, the settings require the op center that is to be alerted to be
specified. When notifications are enabled for a connection, the notification group to be notified
must be specified. When alerts or notifications are enabled for a connection, a setting allows the
user to specify if warning conditions (in addition to failure conditions) should trigger alerts
and/or notifications.

T Comn SOUnce Text Caarch: =

: *L Log 4 I D B

Togale Many | WIWIMIMIMIWIWIMIM|
| Traffic Events | Help
External System Alert and Notification Settings
Failure Time 5 . :

System Threshold (minutes) Send Warnings? Alert Op Center Notification Group
INRIX-Import 15 M None Mane Edit
RITIS-Detector-Export 15 M None None Edit
RITIS-Detector-Import 15 No None None Edit
RITIS-DMS-Export 15 Mo None Maone Edit
RITIS-DMS-Import 15 Mo None Mone Edit
RITIS-Event-Export 15 Mo Nome Mone Edit
RITIS-Event-Import 15 No Mone None Edit
Vector-Import 15 Mo None Mane Edit

[ Back to System Profile ]
W
SJ Local inhanet w00y -

Figure 5-59 External System Alert and Notification Settings

The Edit link for each external system connection allows the alert and notification settings to be
edited. When an Edit link is clicked, a form is shown that allows the user to set the failure time
threshold, select an op center to be alerted (or none), and to select a notification group to be
notified (or none). If the alert op center or notification group are set to a value other than
“None”, the user can choose to be alerted/notified when a warning condition is detected in
addition to failure conditions.
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Togale Meny | Recent Events | Back | Forward | Refresh | Center Rpt | Communications Log | Instant Messaging | Home Page | Paging |
Map | Traffic Events | Help

External System Alert and Notification Settings

Connection: RITIS-DMS-Import

Failure Time
Threshold (minutes)

Alert Op Center ~Mong - ¥
Notification Group -~ Nong - »

Send Warnings?

Cancel

Top | Back | Forward | Refresh | Center Rpt | Communications Log | Instant Messaging | Home Page | Paging | Map | Traffic Events | Help
] L L

CHART R3B3 P 117122008 & 2002-2008 MDSHA. All rights resened.

Do %J Local inbanet F00E -

Figure 5-60 External System Alert and Notification Settings - Edit

5.1.9.2 External Agency / Organization Mapping

The External Agency to Organization Mapping configuration defines the CHART organization
to be assigned to external events and devices when they are imported into CHART. The
organization to use is based on the identification of the external system and the system’s agency
designation present in the external object’s data.
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Figure 5-61 External Agency / Organization Mapping

5.1.9.3 External Client Management

CHART R3B3 allows external systems to connect to CHART to access its data. CHART R3B3
also allows one system (Vector) to connect to CHART to provide data (toll rates). The External
Client Management feature is used to manage the credentials of these systems to ensure that only
approved external systems can connect to CHART. The current list of approved external clients
can be viewed, settings for existing clients can be edited, and clients can be removed. See the
sections below for details.

5.1.9.3.1 View External Clients

The list of currently defined external clients is available using the view/edit link for External
Client Management in the External System Settings section of the system profile (see below).

External Agency / Organization Mapping wew / edif
Defines the mapping from external agency names to CHART organizations.

External Client Managment view /[ edit *—-"—-

Maintains a list of clients authorized to connect to CHART web services.

Figure 5-62 External Client Management - view/edit Link
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After clicking the link the list of external clients is shown. For each client, the following
information is shown:

¢ C(Client ID -The ID the client passes to CHART when it accesses the system. CHART
uses the ID to find the client’s public key to verify an electronic signature required for all
data transmissions to CHART. The ID is also used apply the proper user rights to the
client with respect to providing access to data.

¢ (Client Name — The name of the client.
e Description — The description of the client.

e Access — The type of access the client requires. A supplier provides data to CHART and
is not subject to user rights. Consumers read data from CHART and are required to have
one or more CHART Roles assigned that determine the user rights used to determine
which data the external client can and cannot access.

¢ Contact Info — Contact information for the person responsible for the external system’s
connection to CHART.

= * CHART - Windows Intemet Exploser

.= -ﬂ t_amm SHURER Search: —
- Other {no info) _ JJfis) [aav ]
WIWIMIMIMIMIWIWIMIMIMIM
Events | Help
External System Client Management
Add Chent
Client ID | Client Name Description Access Contact Info Actions
Suppl Name: Tom FenderBender
vetsysl | Vector Provides toll rate information To Chart bt Phone: 481-234-1234 g\%’_{t‘ P
Consumer Email: Tom@traffic.com e
Supplier
Consumer
Name: Rick Rubbernack
nitisys1 RITIS Retrieves detector and DMS data from CHART | Role(s): Phone: 411-424-3221
Monitor Traffic | Email: Ack@mapguest.com 3“""‘“‘2"‘"
Monitor DMS
Monitor TSS
A lien
Top | Back | Forward | Refresh | Center Rpt | Communications Log | Instant Messaging | Home Page | Paging | Map | Traffic Events | Help | Save
Window Position
B MDSHA. All rights resened,
% Local infranet £100% -

Figure 5-63 External Client List

The Actions column provides links to allow an existing client’s settings to be edited and to allow
an existing client to be removed (thereby revoking their access to the CHART system). The Add
Client links at the top and bottom of the page allow an external client to be added. These actions
are described further in the sections that follow.
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5.1.9.3.2 Add External System Client

An external client must be added to the external client list before the client can gain access to the
CHART system. The Add External System Client form is accessed using the Add Client link on
the External System Client Management page.

{2 * CHART - Windows Intemct Explores

— - Comum  2oUrce Taxt
A W T . I E

Toggle Menu | Recent Events | Back | Forward | Refresh | Center Rpt | Communications Log | Instant
! §

| Home Page | Paging | Map | Traffic Events | Help
Add External System Client

Client Information
Client ID:

Client Name:

Description:
Contact Info:| pame-

Email:
Phone:
Fax:

Public Key:

Sun RSA public key, 10249 bits

modulus:
L3E52ELE06L32521B1BR1E0ILE2153T71LT2STREEREITIZ22E0E
1444075340568384477T744431524191472T26155830565319
0873408443228025007T4718611867123121039265527152
075851021061 711630761 T743528407400549038138523887)
L0B2E31ZRE2T2RESE240420TO20T2E025800E821 572626209
BETEETD4RTIZSTSTLIZZLI0EETTEED20T7044021 682942708356
420884214005147

public exponsnt: &5537

o

[ Download Private Key ]
ACORSS: [ supplier
[J consumar
| Add Chent ]l Cancel |

Do % Local intianet £ 100% -

Figure 5-64 Add External System Client

The Add External System Client form allows the administrator to assign an ID to the external
client which must be used by the client each time it accesses the CHART system. A name and
description can also be assigned to further identify the client. Contact information including the
contact’s name, e-mail, phone, and fax may also be entered.

When the Add External System Client form is displayed, a public/private key pair is
automatically generated. The public key is shown to the user and a button exists to allow the
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private key to be downloaded. The private key is to be provided to the owner of the external
system and must be used by the external system to electronically sign all data packets sent to the
CHART system. This private key must be carefully guarded and securely provided to the
external system owner. There is no need to store the private key within the CHART
organization; a new public/private key pair can be generated should the external system owner
lose the currently provided private key. CHART will utilize the public key shown to verify
signatures created using the private key. Only the public key is stored in the CHART system.

The Access checkboxes allow the administrator to specify the type of access required by the
external client. A supplier of data connects to CHART to provide data to CHART, such as toll
rate data. A consumer connects to CHART to access CHART data. A client can be a supplier,
consumer, or both. When the consumer checkbox is checked, a list appears to allow the
administrator to assign a role to the external client.

Access: ] supplier

7 Consumear
Ralals):
ViewQnky i1

—-Select io Add— »

Figure 5-65 Set External Client Role(s)

After a role is chosen, another list will appear to allow another role to be added. An external
client that is a consumer of CHART data can have 1 or more roles. A union of the user rights
from all assigned roles will be used to determine the CHART data the external client is permitted
to access.

5.1.9.3.3 Edit External Client

An external client can be edited using the Edit link for the client on the External System Client
Management page. Clicking the Edit link causes the Edit External System Client page to appear,
pre-populated with data for the external client. The Edit External System Client page differs
slightly from the Add page with regard to the public/private keys. While the public key is shown
as is the case on the Add form, the Download Private Key button is disabled, as CHART does
not store the private key that is provided to the external system owner. If the external system
owner requires a new private key (or the administrator forgot to download the private key
generated while adding the external client), the admin may use the Generate New Keys button.
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Figure 5-66 Edit External System Client

The Generate New Keys button, when pressed, will cause the public key text area to show a new
public key, and the Download Private Key button will be enabled to allow the associated private
key to be downloaded and provided to the external system owner. The Edit Client button must
be clicked when finished making any changes to the external client information, including
generating new keys.

5.1.9.3.4 Remove External Client

An external client can be removed using the Remove link for the client on the External System
Client Management page. Removing a client immediately revokes the client’s access to the
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CHART system. A warning message is used to confirm an administrator’s intent to remove an
external client.

5.1.10 External System Connection Status

A page showing the status of each external system connection is available for users with
appropriate rights. This status page is accessible using the External Connections link in the
Administration section of the home page navigation links (shown below).

Signes Bl Be Bloors

Figure 5-67 External System Connection Status — Link

After clicking the External Connections link, the External Connection Status page is shown.
This page contains a row for each connection CHART makes to external systems, as well as
potential connections that can be made from external systems to CHART. The potential
incoming connections are based on external clients that have been configured to access the
CHART system. The screen shot below depicts an example of the external connections that may
appear on this status page.

-

* External System Statuz - CHART - Windows Intemet Exploser

Source

L T s . [

MIMIMIMIMIMIWIM
Messaging | Home Page | Paging | Map | Traffic Events | Help
External System Connections
System Status Status Changed Status Confirmed
CHART-Web-Export 0K 09:13 09:18
INRIX-Import OK 09:13 09:18
RITIS-Detector-Export QK 09:13 09:18
RITIS-Detector-Import OK 09:13 09:18
RITIS-DMS-Export oK 09:13 09:18
RITIS-DMS-Import oK 09:13 09:18
RITIS-Event-Export  OK 09:13 09:18
RITIS-Event-Import  OK 09:13 09:18
Vector-Import QK 09:13 09:18
MIMJMEMIM Communications Log | [ngtant Massaging | Home Page |
Paging | Map | Traffic Ev E g ts | Help | Save Window Position

CHART R3B3 Prototype 11712 € 200 DSHA, All rights reserved.

L4 ¥
fittp: A acalhast S0S0/ chartite. app ?action=\iswE verilizilshe ‘vj Local intranet = 100% -

Figure 5-68 External System Connection Status

CHART R3B3 Detailed Design 5-58 12/23/2008



The current status of each connection is shown in addition to the time the status transitioned to
the current state. The Status Confirmed time shows when the system last verified the current
status.

5.1.11 Alerts

Four new alert types are added in R3B3: External Connection Alert, External Event Alert,
Travel Time Alert, and Toll Rate Alert. All functionality regarding managing these new alert
types is identical to the Alert functionality that exists in CHART R3B2 except as described in
this section.

5.1.11.1 Alerts on the Home Page

Like other alerts, the alerts added in R3B3 appear on the home page of users in the operations
center that receives the alert. Alerts for other centers can be viewed by users that have the proper
rights and select the “All” alert filter on their home page.

- Wiew Alerts (4) and RAVENSTOC Traffic Events

_) admin [} RAVENSTOC (s &l

Few 4 Accepted 0 Dalayed 0 tlosed O Create Generc Alert

Typa Descrption Tirves

Toll Rats clasrad for traval route "152 to Whita Margh' with start 1D 1234 snd and ID 5678 Crastad: 12/01/08 09:11

Escalates:

Extarnal Evant: [-495 OL @ [-395 Craatad: 0972908 17:21
Escalates:

Extarnal connection down: RITIS Crasted: D3/2908 17:21

Escalates:

Travel Tirme Excended: 152 to White Margh >= 35 minutes Crasted: 0F/29/08 17:31

Escalates:

Figure 5-69 R3B3 Alerts on the Home Page

Each of the alerts new to R3B3 appears in the image above. The icons used to represent each
new alert type are as follows:

e This icon: -.ja is used for external connection alerts. This type of alert is fired when
the system detects an error related to an external connection. Warnings related to
external connections may also generate alerts depending on the system configuration.
See the section above on External System Connection Alert / Notification Rules for
details.

e This icon: ﬁ is used for external event alerts. This type of alert is fired when an
external event imported into CHART matches a rule that has the Send Alert action
enabled. See section 5.1.7.2 above for details.
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e This icon: is used for toll rate alerts. The EZ is representative of EZPass, the
electronic tolling system used in Maryland. This type of alert is fired when error
conditions related to toll rates are detected, such as the toll rate for a travel route missing
from the toll rate data feed.

T

e This icon: is used for travel time alerts. This type of alert is fired when the travel
time for a travel route exceeds an “alert travel time” for the route and travel time alerts
are enabled for the route. See section 5.1.1.2 above for details.

All actions available on the home page for alert types that exist in R3B2 apply to these alert
types added in R3B3.

5.1.11.2 Alert Details

The alert details page for an alert is accessible by clicking the # icon for the alert in the Actions
column of the alert list. Each details page contains fields specific to the alert type in addition to
elements common to all alert types. Only the fields specific to the new R3B3 alert types are
discussed below.

5.1.11.2.1 External Connection Alert Details

The fields on the external connection alert details page that are specific to external connection
alerts are shown below:

Current Status FAILED
Current Status Change Time 14:25
Current Status Confirmed Time 14:37
Alerted Status FAILED
Alerted Status Change Time 13:15
Alerted Status Confirmed Time 13:25

Figure 5-70 External Connection Alert Details - Type Specific Fields

These fields show the current status of the connection in addition to the status of the connection
at the time the alert was issued. The status change time is the time the status of the connection
transitioned to its current state. The status confirmed time is the time the system last detected the
reported status.

5.1.11.2.2 External Event Alert Details

The fields on the external event alert details page that are specific to external event alerts are
shown below:
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Matching Rule Major MoVia 495 Inadents
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« Search Text: 495
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Figure 5-71 External Event Alert Details - Type Specific Fields

The External Event field shows the external event that triggered the alert and provides a link to
the details page for the external event. The Matching Rule field shows the criteria in the rule that
the event matched which caused the alert to be fired.

5.1.11.2.3 Toll Rate Alert Details

The field on the toll rate alert details page that is specific to toll rate alerts is shown below:

Route 5 White Marsh

Figure 5-72 Toll Rate Alert Details - Type Specific Fields

The Route field shows the travel route for which a toll rate alert was fired and provides a link to
the details page for the route.

5.1.11.2.4 Travel Time Alert Details
The fields on the travel time alert details page that are specific to travel time alerts are shown
below:

Route 152 to White Marsh

Most Recent Travel

Time 32 minutes @ 13:37

Alerted Travel Time 37 minutes @ 13:13
Trawvel Time Alert Limit 35 minutes

Figure 5-73 Travel Time Alert Details - Type Specific Fields

The Route field shows the travel route whose travel time exceeded the Alert Travel Time
specified for the travel route. The Most Recent Travel Time field shows the current travel time
for the travel route, and the Alerted Travel Time field shows the travel route’s travel time at the
time the alert was fired. The Travel Time Alert Limit field shows the Alert Travel Time that was
configured for the travel route at the time the alert was fired.

5.1.11.3 Resolve Alert

The resolve action for an alert is performed by clicking the Resolve link on the alert’s details

page, or by clicking the =¥ icon for the alert in the home page alert list. Following are the
resolve actions for each of the alert types added in R3B3:

¢ External Connection Alert — The External System Connections Status page is shown

¢ External Event Alert — The details page for the external event is shown
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¢ Toll Rate Alert — The details page for the travel route for which the alert was generated
is shown

e Travel Time Alert — The details page for the travel route whose travel time exceeded the
Alert Travel Time is shown.
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5.1.11.4 Alert Audio Cue Settings

The Alert Audio Cue settings page which exists in R3B2 is updated in R3B3 for the alert types
added in R3B3. This page shows the current audio cue configured for each alert type (if any)
and provides links to allow an audio cue to be added or for an existing audio cue to be edited or
removed.

" " CHART - Windows Intemet Explores

Configure Alert Audio Cues

Device Failure Alert Cue: Hone (no audio cue) set

The audio that is played when a device failure alert arrives on the user's home page.

Duplicate Event Alert Cue: HNone (no audio cue) set

The audio that is played when a duplicate event alert arrives on the user's home page.

Event Still Open Alert Cue: HNone (no audio cue) set

The audio that is played when an event still open alert arrives on the user’s home page.

Execute Scheduled Actions Alert Cue: HNone (no audio cue) set

The audio that is played when an execute scheduled actions alert arrives on the user's home page.
—) External Connection Alert Cue: HNone (no audio cue) sat

The audio that is played when an external connection alert arrives on the user's home page.
___) External Event Alert Cue: None (no audio cue) set

The audio that is played when an external event alert arrives on the user's home page.

Generic Alert Cue: dog.mp3 edit | remov

The audio that is played when a generic alert arrives on the user's home page.

-ﬁ Tell Rate Alert Cue: None (no audio cue) set

The audio that is played when a toll rate alert arrives on the user's home page.
_____* Travel Time Alert Cue: Mone (no audio cue) et
The audio that is played when a travel time alert arrives on the user's home page.
Unhandled Resources Alert Cue: None {no audio cue) set
The audio that is played when an unhandled resources alert arrives on the user's home page.
New Alerts Reminder: None {no audio cue) et

The audio that is played periodically when alerts in the “new” state remain on the user's home page.

| Return to Edit System Profile |

{Dane %J Local inanet w10 -

Figure 5-74 Configure Alert Audio Cues
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5.1.11.5 Alert Timeouts and Policy Settings

The Alert Timeouts and Policy Settings page that exists in R3B2 is updated in R3B3 for the alert
types added in R3B3. The page is very long due to the number of alert types — a portion of the
page is shown below.

/= " CHART - Windows Intemet Explores

Travel Time Exceeded Alert

[#] Enable Travel Time Exceeded Alerts
[ pisable Travel Time Exceeded Alert Auto Escalation

_ Timeout Days Hours | Minutes
Default Accept Timeout | |0 0 30
I Maximum Accept Timeout I 28 o i}
.Default Delay Timeout I 0 | ] . 30
.Ma:imum Dalay Timeout - 28 - 0 - 0
.Escala:ian Timeout . 0 - 2 t]

Toll Rate Alert Alert

[¥] Enable Toll Rate alert Alerts
[] pisable Toll Rate Alert Alert Auto Escalation

. Timeout Days | Hours | Minutes
Default Accept Timeout | |0 0 30
.Maximum Accept Timeaut. 28 - 0 - 0

.Default Delay Timeout . 0 - 0 - 30
.Maxlmum Delay Timeout I 28 | o . o

Escalation Timeout 0 2 1]

External Connection Down Alert

[¥] Enable External Connection Down Alerts
[ pisable External Connection Down Alert Auto Escalation

Timeout . Days . Hours [ Minutes

Do %4 Local inranet #£100% -

Figure 5-75 Alert Timeout and Policy Settings

This page has the following settings for each alert type:

¢ Enable/Disable the alert type — Allows the alert type to be enabled or disabled, system-
wide. When disabled, alerts of this type will not be generated. Alerts of this type that
already exist in the system will not be affected.
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¢ Enable/Disable automatic escalation — Allows automatic escalation for the alert type to
be enabled and disabled. When enabled, the visibility for an alert in the “new” state will
automatically increase to include all currently alerted center’s backup centers after the
alert has been in the “new” state for the specified escalation timeout.

e Default accept timeout — The default amount of time an alert of this type will stay in the
accepted state before automatically being moved back to the “new” state.

e Maximum accept timeout — The maximum accept timeout that is allowed for the alert
type.

e Default delay timeout — The default amount of time an alert of this type will stay in the
delayed state before automatically being moved back to the “new” state.

e Maximum delay timeout — The maximum delay timeout that is allowed for an alert
type.

¢ [Escalation timeout — The amount of time an alert of this type must stay in the “new”
state before the alert is automatically escalated when automatic escalation is enabled.

5.1.12 Device Locations

Prior to R3B3, the only location data for field devices in the CHART system was a textual
location description. In R3B3, detailed location fields are added to each field device. These
location fields are a subset of the location fields that exist for traffic events. This subset includes
the following location fields: State, County, Route Type, Route, Direction, Proximity,
Intersecting Feature, Location Description, and Lat/Long. The intersecting feature includes
roads and state milepost.

The field device types for which these detailed location fields are supported are DMS, Camera,
HAR, Detector (TSS), and SHAZAM. (Monitors are not considered field devices). The location
fields for a device can be set while adding the device to the system or as an edit operation from
the device’s details page. The setting and viewing of device location fields is identical for each
field device type — DMS is used as an example in the screen shots used in the detailed sections
below.

A feature related to device locations that is also added in R3B3 is the ability to view devices that
are close to a traffic event. This feature is made possible due to the addition of the lat/long fields
for devices. Details on this feature in addition to viewing and setting device locations can be
found in the sections that follow.

5.1.12.1 Setting Device Location Fields

Device location fields can be set when adding a device to the system or via an Edit link on the
device’s details page. In either case, the form displayed will appear the same, however when
performing an edit the location fields will be pre-populated with the current values for the
device.
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Figure 5-76 Location Settings Form

This form operates the same way as the location fields on the traffic event creation form. As the
user selects fields, the select lists for the other fields update to include applicable entries. For
example, when a county is selected, the list of routes is updated to include only routes of the
selected type that exist in that county. This dynamic list population is only possible when the
selected state is MD. Otherwise the select lists change to text entry fields and the data must be
entered free-form.

The form creates a location description automatically as location fields are selected/entered;
however the user can override the description text. All fields on the form are optional except for
the location description. After making selections / entries, the user may hit the submit button to
save their changes, or cancel to abandon their changes.

5.1.12.2 Viewing Device Location Fields in a Device List

The device lists for each field device type (excludes monitors) are updated in R3B3 to contain
several location related columns (Route, Direction, Mile Post, and County). These columns
include the ability to sort and filter. Additionally, each device list (including the list of monitors)
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is enhanced to allow the user to choose the columns that are to be displayed or hidden. The
addition of the location columns to the device lists greatly increased the width of these pages; the
show/hide columns feature allows users to hide these new columns if they wish or hide other
columns to control the width of the page and reduce or eliminate the need for horizontal
scrolling.

Comm
Log

Toggle Meny | Recent Events | Back | Forward | Refresh | Center Rpt | Communications Log | Instant Messaqing | Home Page | Paging | Map | Traffic Events | Help
Highway Message Signs (6) awoms  setcolumes

Show: [¥] CHART DMSs [JExternal DMSs

Description & / Location pra— ~An- & [-Aoy- B [-Ary- <[ Select County - v| Any-

E3 ..

03 Online 1-999 South County X¥Z
1-695 O/L (South], at Ex. 10 Alt US 1

i

it Offline 1-999 North County X¥Z
1-95 North, prior Ex 38 Md 32

i Offline 1-999 North County XvZ
1-95 N, prior to Ext 43 Md 100

850 Offline 1-999 North County X¥Z
Washington Blvd (US Rt 1) NE & Mamn Street

833 Offfine 1-999 North County Xv2Z
1116 Frankfurst Ave NB

online 1-999 North County XYZ

855
Shell Rd @ 1200 Chesapeake Ave

Add DMS  Poll Multiple Online DMS:

Top | Back | Eorward | Refresh | Center Rpt | Communications Log | [nstant Messaging | Home Page | Paging | Map | Traffic Events | Help | Save Window Position
[ - vad,

| CHAR 11,

Walting for httpe/localhast 8060/ chartite//app Taction=viewDM SListhdynlistiD =52 e S300.6004 2004 537901 22080, LLLLL | N Localinkianst 00E -

Figure 5-77 Device List with Location Columns

To set the column visibility, the user can click the Set Columns link to display the list of
available columns with their current display status and can check/uncheck columns as desired to
set their show/hide setting.

Column Display
Description/Location

Message

Status

Route

Direction

County

[£] used By

[] port Managers

[[] Connection Site

[ TT Schedule Overridden

0 Trav Info Priority
Overridden

[[] owning Organization
[ Mile Post Marker

Figure 5-78 Device List - Set Column Visibility
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After submitting custom column display settings, the user can return to the default display by
clicking the Show Default Columns link on the device list page.

Several other columns are added to the device lists such as Port Managers (if applicable),
Network Connection Site, and Owning Organization. Additionally, columns have been added to
the DMS list to show if the DMS has overridden the system-wide travel time display schedule,
and whether or not the DMS is using standard arbitration queue priorities (buckets) for its travel
time and toll rate messages.

5.1.12.3 Viewing Device Location Fields on a Details Page

The details page for each field device contains a section where location fields are displayed. The
location description, which used to be shown in the Basic Settings section, has been moved to
this new location section in R3B3.

7

Location: (Edit)
Location Desc.:

County: Howard County

Route Type:  Interstate

Route: I-95

Direction: South

State Milepost: 76.5

Lat/Long: 39.197098% M, 70.7663635° W

Figure 5-79 Location Fields on Device Details Page

An Edit link appears for users with appropriate rights to allow them to edit the location fields.

5.1.12.4 Viewing Devices Close to a Traffic Event

A new section is added to the traffic event details page in R3B3 to show devices that are located
within a specified radius of the event. This new “close devices” section is initially collapsed to
save vertical space on the page and can be expanded by the user to see a summary for each
device type listed. The sub-sections for each device type can also be expanded to show actual
devices. The close devices section of the traffic event details page is shown below with all sub-
sections fully expanded.
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Figure 5-80 Devices Close to Traffic Event

The user may change the radius setting to expand or shrink the geographical circle around the
event that is used to determine which devices are “close”. The system will save the user’s radius
setting for the traffic event and will return to that setting if the page is refreshed or if the user
navigates away from the page and returns.

External detectors and DMSs are included in the close device list and are shown with a shaded
background color to differentiate them from internal CHART devices. While the user cannot
control external devices, the user can see the current state of the device (such as the current speed
of a detector or the current message of a DMS), and could contact the owning agency if device
control is needed. Each DMS and HAR listed (with the exception of external DMSs) can be
added to the response plan of the traffic event with an empty message using the Add To
Response button that appears for these devices.

5.1.13 Miscellaneous Device Enhancements

R3B3 includes enhancements to allow TCP/IP communications for DMS and TSS devices, and
to allow the default font to be set for NTCIP DMSs. The TSS details page is enhanced to show
traffic parameters for individual zones within a zone group. See the sections below for details.

5.1.13.1 TCP/IP Device Communications

R3B3 includes support for TCP/IP communications for DMS and TSS devices. The form used
to set the communication settings for these devices is updated to provide TCP/IP as a
communication option for the device.
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Figure 5-81 Field Comm Settings - TCP/IP

When TCP/IP communications is selected, the user must enter the IP address and port used to
communicate with the device. (Port managers do not apply to TCP/IP communications). After
submitting the form, this data will appear on the details page for the device in the Comm Settings
section (not shown) if the user has rights to view sensitive data for that device.

5.1.13.2 NTCIP DMS Font Settings

NTCIP DMS devices contain default font and default line spacing settings that are used when
these settings are not specified within a message that is to be displayed on the device. CHART
messages do not currently include font markup, which means the default font and line spacing
settings configured on the device are used for all messages. On many of these signs, the default
font and line spacing settings are not desirable and have been manually changed (as a setting for
these defaults did not exist in CHART), however when power is cycled on the sign it reverts
back to its original settings. A maintenance action is then required to reset the default font and
line spacing settings for the sign. Until then messages are displayed in the undesirable (usually
small) font.

In R3B3, settings are added for NTCIP DMSs that allow the desired settings for the sign’s
default font and line spacing to be stored in CHART. Each time CHART sets a message on the
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sign it will set the sign’s default font and line spacing to the values previously stored to ensure
the settings are set correctly. CHART then displays the message as normal, and the desired font
and line spacing will be used.

These new settings appear on the edit form used to edit the basic settings (shown below) and in
the Basic Settings section of the DMS details page. They also appear on the form used to add an
NTCIP DMS to the system in the General DMS Information section of that form.

Main Window Help

Basic Settings For DMS: 4403

Hame 4403

Has Beacons [+

Sign Type char b

Owning Organization SHA b
Enable Device Logging B

Height {chars) Width (chars)
Display Size

3 8 2=
Max Pages 2
Character Size 7x5 ¥ [Hx W)
Font - Select= ‘—_
Line Spacing —-Select- » 1
Default Line Justification center
Default Page On Time 25 ¥ sec
Default Page OFf Time 00 ¥ zec
Travel Time Msg Arb Queue Level | Travel Time i
Toll Rate Msg Arb Queuve Level Toll Rate W

(iSatioit) {Gancaly] .

Figure 5-82 NTCIP DMS Font and Line Spacing Settings
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5.1.13.3 TSS Lane Level Detector Data

The detector details page, which previously showed traffic parameters only for zone groups, is
enhanced in R3B3 to show the traffic parameters for each zone within a group, which usually
equates to a single lane of traffic.

Traffic Parameters
Zone Group Speed (MPH) Volume Occupancy (%)

L"'Zl:me 1 =4 MPH 15 30%
Lozonez 52 MPH 15 0%

Figure 5-83 Lane Level Detector Data

The Traffic Parameters section of the details page (shown above) will include a row for each
zone of a zone group underneath a highlighted row for the zone group.

5.1.14 Public / Private Data Sharing

Most CHART user rights focus on the ability for users to perform certain actions, or to view
whole classes of data (DMS data for example). R3B3 adds several fine grained user rights that
are used to determine whether certain data elements can be viewed by users and in some cases
how the data will be shown. The user interface screens where these new rights will be enforced
are on the Traffic Events List, Traffic Event Details page, the Detector List, and Detector Details
page. There is also a new/enhanced group of settings that control access to sensitive device
configuration data, such as phone numbers and access codes. Details on user interface screens
affected by these new data access user rights are discussed in the sections below.

5.1.14.1 Traffic Event List
A new user right will control the ability for the user to know if a collision includes a fatality.
“:: Incident @ RANDOLPH RD EAST AT

MEBEL ST [Collizion, Fatality]
FANDOLPH RD EAST AT n* ST

Dmrm e o~ FAAC -

Figure 5-84 Incident Name with Fatality

Users that do not possess this new user right will not see the word “Fatality” within the CHART
System.

5.1.14.2 Traffic Event Details Page

The user right that determines the user’s ability to see if an incident is a fatality also applies to
the traffic event details page. The event name will not contain the word Fatality if the user
doesn’t have right to view sensitive incident data, and the incident type section of the form
(shown below) will not show that the incident type is fatality.
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Incadent Information

Incident Type: Collision, Fatality

lakizle Maicsls i

Figure 5-85 Incident Details with Fatality

Another user right, View Traffic Event History, is used to control access to the traffic event
history that is accessed via the traffic event details page. This right can be granted for all
organizations, or for individual organizations. If the traffic event is not owned by an
organization for which this user right has been granted, the user will not have access to the traffic
event history link on the traffic event details page.

1I-'=lllu UF:II; ARl R R L= I-lr PR W R W N I

General Info  [ncident Info Roadwav Conditions Participation Responge MNotification Event History mmary Associated Events

Figure 5-86 Event History Link

5.1.14.3 Detector List

Two new user rights will be used to determine if a user can view the speed data for a detector
and if so, whether they can see a summary or the actual speed. Both of these new rights can be
granted for all organizations or just for specific organizations. Users without either right for the
owning organization of a detector will not see any speed data for that detector in the list. Users
with the right to view summary data for the detector’s owning organization will see a speed
range for the detector, and users with the right to view detailed data for the detector’s owning
organization will see the actual speed reading.

-~
= Rich RTMS 2 '_'* 30-50 WPH
Rich's Office
m Rich RTMS 3 ) 38 MPH

Rich's Office

Figure 5-87 Summary and Detailed Speed Data

5.1.14.4 Detector Details Page

The detector details page will enforce the same rights as discussed in the section above, however
they will also control access to the zone group and zone level data. A user without either of the
rights that allow detector data to be viewed will not see any speed, volume, or occupancy on the
details page. Users that have the right to view summary data for the detector’s owning
organization will be able to see speed ranges for zone groups and zones, but no volume or
occupancy. Users that have the right to view detailed data for the detector’s owning organization
will be able to see actual volume, speed, and occupancy data for the detector.
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Traffic Parameters
Zone Group Speed (MPH) Volume Occupancy (%)

bezone 1 54 MPH 15 30%

bezone s 52 MPH 15 30%
Figure 5-88 Traffic Parameters showing Detailed Data

5.1.14.5 Sensitive Device Configuration Data

Prior to R3B3, several user rights existed that could be granted to allow users to view
configuration data for various devices. These rights were inconsistent across device types, and
for at least one device type non-existent, allowing any user that can view the list of devices to see
the configuration details for the device. R3B3 adds new user rights that will be required to view
the sensitive configuration data for a device. There is one new “view sensitive config” right for
each device type. These new user rights are enforced on the details page for the associated
device. Users that do not possess the right for the device type and the device’s owning
organization will not be permitted to view sensitive configuration information such as phone
numbers and access codes. The image below shows a sample of sensitive device configuration
information that requires a special right to view in R3B3.

Comm Settings:

Drop Address: 1

Port Mgr Connect Timeout: 15 sec

Port Type: ISDMN Modem
Bauwd: 600

Data Bits: B

Parity: None

Stop Bits: 1

Flow Control: MNone t_,.-'
Default Phone Number: (301) 555-0965 3
Port Managers: Name | Device Phone Number

swsim | (301) 555-0965 *—

Figure 5-89 Sensitive Device Configuration Data

5.2 Alert Module

5.2.1 Classes
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5.2.1.1 AlertModule (Class Diagram)

This class diagram defined the classes in the AlertModule package. These classes define
the AlertModule server. It utilizes generated IDL classes as wells as other Chart2 utility
classes.
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Figure 5-90 AlertModule (Class Diagram)

5.2.1.1.1 AcceptDelayTimerTask (Class)

This class implements the alert accept-and-delay timer task. It periodically inspects alerts
in the accept state for those that have taken too long completion in the accept state. This
accept timeout limit is established in the system profile for each alert. Similarly it
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periodically reviews the alerts in the delay state for those whose delay period has expired.
As with the accept state timeout, the delay timeout period is established in the system
profile for each alert type. When either the accept timeout or the delay timeout expires, this
task calls into the AlertImpl to escalate the alert.

5.2.1.1.2 Alert (Class)

This is a CORBA interface that provides access to information pertaining to an Alert and
provides operations used to manage an alert.

5.2.1.1.3 AlertData (Class)
This is a CORBA struct, defined in IDL, that contains the data that applies to all alert types.

5.2.1.1.4 AlertDB (Class)

This class provides a database interface for the AlertModule. It includes methods needed to
store and retrieve Alert related information.

5.2.1.1.5 AlertFactory (Class)

This IDL interface contains the operations available for an Alert Factory. The AlertFactory
is responsible for creating alerts and storing alert information on the alerts that it created.

5.2.1.1.6 AlertFactorylmpl (Class)

This AlertFactoryImpl class implements the IDL AlertFactory interface and is responsible
for creating and managing the objects created to represent alerts (AlertImpls) in the Chart2
system.

5.2.1.1.7 Alertimpl (Class)

The AlertImpl class implements the IDL Alert interface. The AlertImpl class contains the
base class functionality for all other alert types in the Chart2 system. Each instance of one
of the AlertImpls derived types represents a specific alert.

5.2.1.1.8 AlertModule (Class)

This class provides the resources and support functionality necessary to serve alert related
objects in a service application. It implements the ServiceApplicationModule interface
which allows it to be served from any ServiceApplication.

5.2.1.1.9 AlertModuleProperties (Class)

This class provides operations for getting values in the service's java properties file.

5.2.1.1.10 AlertPrivateData (Class)

This class contains base alert data which is private to the AlertImpl class, Among the data
stored in AlertPrivateData is the time of the previous escalation or reset time, and the
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5.2.1

5.2.1

5.2.1.

5.2.1

5.2.1.

5.2.1.

1sOffline flag to indicate the alert is ready for archiving.

.1.11 ArchiveTimerTask (Class)

This class implements the alert archive timer task. It periodically sweeps through the
closed alerts in the system for those alerts deemed old enough to be archived. If an alert is
found that has aged beyond the system defined archive timer limit, it will set a flag on the
alert to mark it for removal. At some later time a separate database task will run to remove
and off-load these alerts to an archive file.

.1.12 DataModel (Class)

The data model class serves as a collection of objects. It provides an efficient lookup
mechanism for locating any object, and methods which allow for the retrieval of all objects
of a particular type. Additionally, this class provides the ability to attach observer objects
which are notified when objects are added to or removed from the model. Objects may also
notify the DataModel that they have been modified. The model will periodically notify all
attached observers of the changes to objects in the model.

1.13 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

.1.14 DeviceFailureAlert (Class)

This IDL interface contains operations specific to a Device Failure alert. This interface is
implemented by classes representing DeviceFailureAlerts in the Chart2 System.
1.15 DeviceFailureAlertData (Class)

This is a CORBA struct, defined in IDL, that contains base alert data plus data specific to a
DeviceFailureAlert. Specific to this alert is the traffic event id of the failed device event
causing the alert. Also included is information on the device failure type.

1.16 DeviceFailureAlertimpl (Class)

The DeviceFailureAlertImpl class is derived from the AlertImpl class and implements the
IDL DeviceFailureAlert interface. Type specific functionality is provided by this class for
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Device Failure alerts.

5.2.1.1.17 DuplicateEventAlert (Class)

This IDL interface contains operations specific to a Duplicate Event alert. This interface is
implemented by classes representing DuplicateEventAlertsDevice in the Chart2 System.

5.2.1.1.18 DuplicateEventAlertData (Class)

This is a CORBA struct, defined in IDL, that contains base alert data plus data specific to a
DuplicateEventAlert. Specific to this alert are the event ids of the two probable duplicate
traffic events.

5.2.1.1.19 DuplicateEventAlertimpl (Class)

The DuplicateEventAlertImpl class is derived from the AlertImpl class and implements the
IDL DuplcateEventAlert interface. Type specific functionality is provided by this class for
Duplicate Event alerts.

5.2.1.1.20 EscalateTimerTask (Class)

This class implements the alert escalate timer task. It periodically checks the new alerts in
the system for those that have not been accepted, delayed, or closed within the escalation
timeout period. This timeout period is established in the system profile for each alert type.
If an alert is found that has exceeded the escalation timer limit, a call into AlertImpl will be
made to escalate the alert.

5.2.1.1.21 EventStillOpenAlert (Class)

This IDL interface contains operations specific to a Event Still Open alert. This interface is
implemented by classes representing EventStillOpenAlerts in the Chart2 System.

5.2.1.1.22 EventStillOpenAlertData (Class)

This is a CORBA struct, defined in IDL, that contain the base alert data plus data specific to
an EventStillOpenAlert. Specific to this alert is the id of the traffic event that is still open.

5.2.1.1.23 EventStillOpenAlertimpl (Class)

The EventStillOpenAlertImpl class is derived from the AlertImpl class and implements the
IDL EventStillOpenAlert interface. Type specific functionality is provided by this class for
Event Still Open alerts.

5.2.1.1.24 ExecuteScheduledActionsAlert (Class)

This IDL interface contains operations specific to aExecute Scheduled Actions alert. This
interface is implemented by classes representing ExecuteScheduledActionsAlert in the
Chart2 System.
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5.2.1.1.25 ExecuteScheduledActionsAlertData (Class)

This is a CORBA struct, defined in IDL, that contains the base alert data plus data specific
to an ExecuteScheduledActionsAlert.

5.2.1.1.26 ExecuteScheduledActionsAlertimpl (Class)

The ExecuteScheduledEventAlertImpl class is derived from the AlertImpl class and
implements the IDL ExecuteScheduledEventAlert interface. Type specific functionality is
provided by this class for scheduled event alerts.

5.2.1.1.27 ExternalConnectionAlert (Class)

This IDL interface contains operations specific to an External Connection Alert, which
indicates trouble with a connection between CHART and an external system.

5.2.1.1.28 ExternalConnectionAlertData (Class)

This IDL structure contains data specific to an External Connection Alert, e.g., the ID of the
interface which is having trouble and a flag indicating whether the connection is in failure
or warning status, the timestamp it transitioned. (The GUI displays additional data which is
best acquired from the GUI's object cache.) (Text in the base AlertData structure provides a
textual description and alert management data.)

5.2.1.1.29 ExternalConnectionAlertimpl (Class)

This is the implementation of the External Connection Alert, which alerts users to trouble
with an external connection. This can be a failure or a warning status. (Users can specify
whether to receive failures and warnings, or just failures).

5.2.1.1.30 ExternalEventAlert (Class)

This IDL interface contains operations specific to an External Event Alert, which indicates
an event has arrived from an external system which satisfies criteria a CHART
administrator has defined to flag an external event as significant enough to warrant this
alert.

5.2.1.1.31 ExternalEventAlertData (Class)

This IDL structure contains data specific to an External Event Alert, e.g., the ID of the
event and the ID of the first rule found that requested an alert be sent. (Text in the base
AlertData structure provides a textual description and alert management data.)

5.2.1.1.32 ExternalEventAlertimpl (Class)

This is the implementation of the External Event Alert, triggered by receipt of events with
match the external event alert settings in the event import module, as defined by a CHART
administrator.
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5.2.1.1.33 GenericAlert (Class)

This IDL interface contains operations specific to a Generic alert. This interface is
implemented by classes representing GenericAlerts in the Chart2 System.

5.2.1.1.34 GenericAlertimpl (Class)

The GenericAlertImpl class is derived from the AlertImpl class and implements the IDL
GenericAlert interface. Any type specific functionality that may be implemented in the
future would be provided by this class for Generic alerts.

5.2.1.1.35 java.util.Properties (Class)

The Properties class represents a persistent set of properties. The Properties can be saved to
a stream or loaded from a stream. Each key and its corresponding value in the property list
is a string. A property list can contain another property list as its "defaults"; this second
property list is searched if the property key is not found in the original property list.

5.2.1.1.36 java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.2.1.1.37 java.util.TimerTask (Class)

This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.2.1.1.38 ObjectCache (Class)

The ObjectCache is a wrapper for the DataModel. It provides access to DataModel
methods to find objects in the data model, delegating those methods to the DataModel
itself. It also provides additional methods of finding name filtered objects and discovering
"duplicate" objects (as defined by an isDuplicateOf() method of the Duplicatable interface).

5.2.1.1.39 ProxyAlert (Class)

This class is used as a proxy for alerts existing in all alert modules in the system (including
the local service). The complete set of data for each alert is stored in the ProxyAlert, along
with its ID and a reference to the Alert object it represents. These proxy alerts allow every
alert module service in the system to have some knowledge of every alert in the entire
system, for the quickly determining whether a proposed new alert already exists elsewhere
in the alert system (and therefore does not need to be redundantly entered into the system
again). ProxyAlert implements the Duplicatable interface, so that the ObjectCache can
generically be queried to check for duplicates of any other ProxyAlert. This ProxyAlert
class is the super class for derived classes for each specialized type of alert in the system, so
that type specific data can be stored and accessed for each alert type, and can be queried for
comparison for the Duplicatable isDuplicateOf() method.
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1.40 PushEventConsumer (Class)

This class is a utility class which will be responsible for connecting a consumer
implementation to an event channel, and maintaining that connection. When the
verifyConnection method is called, this object will determine if the channel has been lost
and will attempt to re-connect to the channel if it has.

.1.41 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

.1.42 ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
Chartll service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

.1.43 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking Service Application to perform actions such as object creation and publication.

.1.44 TollRateAlert (Class)

This IDL interface contains operations specific to an Toll Rate Alert, which indicates a
travel route which had a currently active toll rate no longer does in a more recently received
toll rate update document from a toll rate provider. (This alert is not sent if a toll rate
expires due to an absence of any current toll rate document -- such an event would have
triggered one external connection alert and does not need to also trigger a multitude of
individual toll rate alerts as well.)

.1.45 TollRateAlertData (Class)

This IDL structure contain data specific to a Toll Rate Alert, e.g., the travel route which no
longer has data for its toll rate. (Text in the base AlertData structure provides a textual
description and alert management data.)
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.1.46 TollRateAlertimpl (Class)

This is the implementation of the Toll Rate Alert, which is sent when a toll rate document is
received from the toll rate supplier which is missing a toll rate which had been present in
the prior document.

.1.47 TravelTimeAlert (Class)

This IDL interface contains operations specific to an Travel Time Alert, which indicates the
travel time associated with a travel route is high enough to warrant this alert.

.1.48 TravelTimeAlertData (Class)

This IDL structure contains data specific to a Travel Time Alert, e.g., the travel time limit
and the travel time which exceeded the limit. (Text in the base AlertData structure provides
a textual description and alert management data.)

.1.49 TravelTimeAlertimpl (Class)

This is the implementation of the Travel Time Alert, which is sent when the travel time
calculated for a Travel Route exceeds the alert threshold configured for the Travel Route by
a CHART Administrator.

.1.50 UnhandledResourcesAlert (Class)

This IDL interface contains operations specific to a Unhandled Resources alert. This
interface is implemented by classes representing UnhandledResourceAlerts in the Chart2
System.

.1.51 UnhandledResourcesAlertData (Class)

This is a CORBA struct, defined in IDL, that contains the base alert data plus data specific
to an UnhandledResourcesAlert.

.1.52 UnhandledResourcesAlertimpl (Class)

The UnhandledResourceAlertImpl class is derived from the AlertImpl class and implements
the IDL UnhandledResourceAlert interface. Type specific functionality is provided by this
class for Unhandled Resource alerts.

.1.53 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.
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5.2.1.2 ProxyAlertClasses (Class Diagram)

This class diagram shows all classes related to the storage of proxy alerts in the object
cache. The ProxyAlert class, and its subclasses, provide access to all alerts known to be in
the system, so that an alert factory can quickly determine whether a requested new alert
already exists elsewhere in the alert system (and therefore does not need to be redundantly
entered into the system again).

[ ———

4

Figure 5-91 ProxyAlertClasses (Class Diagram)

5.2.1.2.1 Alert (Class)

This is a CORBA interface that provides access to information pertaining to an Alert and
provides operations used to manage an alert.

5.2.1.2.2 AlertData (Class)

This is a CORBA struct, defined in IDL, that contains the data that applies to all alert types.

5.2.1.2.3 DataModel (Class)

The data model class serves as a collection of objects. It provides an efficient lookup
mechanism for locating any object, and methods which allow for the retrieval of all objects
of a particular type. Additionally, this class provides the ability to attach observer objects
which are notified when objects are added to or removed from the model. Objects may also
notify the DataModel that they have been modified. The model will periodically notify all
attached observers of the changes to objects in the model.
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5.2.1.2.4 DeviceFailureAlertData (Class)

This is a CORBA struct, defined in IDL, that contains base alert data plus data specific to a
DeviceFailureAlert. Specific to this alert is the traffic event id of the failed device event
causing the alert. Also included is information on the device failure type.

5.2.1.2.5 Duplicatable (Class)

This java interface is implemented by classes which have sense of being "duplicated"
within the CHART system. This allows the ObjectCache to search for duplicates of any
Duplicatable object. This is different from "equals()" or "compareTo()". To cite two
examples: Alerts within CHART are duplicates if they refer to the same objects within
CHART (but do not have the same Alert ID, which is more closely associated with
"equals()"). Traffic Events within CHART are duplicates if they have the same location
(but do not have the same Traffic Event ID).

5.2.1.2.6 DuplicateEventAlertData (Class)
This is a CORBA struct, defined in IDL, that contains base alert data plus data specific to a
DuplicateEventAlert. Specific to this alert are the event ids of the two probable duplicate
traffic events.

5.2.1.2.7 EventStillOpenAlertData (Class)
This is a CORBA struct, defined in IDL, that contain the base alert data plus data specific to
an EventStillOpenAlert. Specific to this alert is the id of the traffic event that is still open.

5.2.1.2.8 ExecuteScheduledActionsAlertData (Class)
This is a CORBA struct, defined in IDL, that contains the base alert data plus data specific
to an ExecuteScheduledActionsAlert.

5.2.1.2.9 ExternalConnectionAlertData (Class)

This IDL structure contains data specific to an External Connection Alert, e.g., the ID of the
interface which is having trouble and a flag indicating whether the connection is in failure
or warning status, the timestamp it transitioned. (The GUI displays additional data which is
best acquired from the GUI's object cache.) (Text in the base AlertData structure provides a
textual description and alert management data.)

5.2.1.2.10 ExternalEventAlertData (Class)

This IDL structure contains data specific to an External Event Alert, e.g., the ID of the
event and the ID of the first rule found that requested an alert be sent. (Text in the base
AlertData structure provides a textual description and alert management data.)

5.2.1.2.11 ObjectCache (Class)

The ObjectCache is a wrapper for the DataModel. It provides access to DataModel
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methods to find objects in the data model, delegating those methods to the DataModel
itself. It also provides additional methods of finding name filtered objects and discovering
"duplicate" objects (as defined by an isDuplicateOf() method of the Duplicatable interface).

5.2.1.2.12 ProxyAlert (Class)

This class is used as a proxy for alerts existing in all alert modules in the system (including
the local service). The complete set of data for each alert is stored in the ProxyAlert, along
with its ID and a reference to the Alert object it represents. These proxy alerts allow every
alert module service in the system to have some knowledge of every alert in the entire
system, for the quickly determining whether a proposed new alert already exists elsewhere
in the alert system (and therefore does not need to be redundantly entered into the system
again). ProxyAlert implements the Duplicatable interface, so that the ObjectCache can
generically be queried to check for duplicates of any other ProxyAlert. This ProxyAlert
class is the super class for derived classes for each specialized type of alert in the system, so
that type specific data can be stored and accessed for each alert type, and can be queried for
comparison for the Duplicatable isDuplicateOf() method.

5.2.1.2.13 ProxyDeviceFailureAlert (Class)

his subclass of ProxyAlert is used to cache DeviceFailureAlert types of alerts. It holds and
provides access to data specific to the DeviceFailureAlert, and provides an isDuplicateOf()
implementation specialized for comparing two alerts of this type.

5.2.1.2.14 ProxyDuplicateEventAlert (Class)

This subclass of ProxyAlert is used to cache DuplicateEventAlert types of alerts. It holds
and provides access to data specific to the DuplicateEventAlert, and provides an
isDuplicateOf() implementation specialized for comparing two alerts of this type.

5.2.1.2.15 ProxyEventStillOpenAlert (Class)

This subclass of ProxyAlert is used to cache EventStillOpenAlert types of alerts. It holds
and provides access to data specific to the EventStillOpenAlert, and provides an
isDuplicateOf() implementation specialized for comparing two alerts of this type.

5.2.1.2.16 ProxyExecuteScheduledActionsAlert (Class)

This subclass of ProxyAlert is used to cache ExecuteScheduledActionsAlert types of alerts.
It holds and provides access to data specific to the ExecuteScheduledActionsAlert, and
provides an isDuplicateOf() implementation specialized for comparing two alerts of this

type.

5.2.1.2.17 ProxyExternalConnectionAlert (Class)

This class is used to carry data about an external connection alert which has been received
by the ObjectCache from an AlertModule. Proxy alerts are collected and used by all Alert
Modules to aid in de-duping alerts which could be created via multiple Alert Modules.
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5.2.1.2.18 ProxyExternalEventAlert (Class)

This class is used to carry data about an external event alert which has been received by the
ObjectCache from an AlertModule. Proxy alerts are collected and used by all Alert
Modules to aid in de-duping alerts which could be created via multiple Alert Modules.

5.2.1.2.19 ProxyGenericAlert (Class)

This subclass of ProxyAlert is used to cache GenericAlert types of alerts. It holds and
provides access to data specific to the GenericAlert, and provides an isDuplicateOf()
implementation specialized for comparing two alerts of this type.

5.2.1.2.20 ProxyTollRateAlert (Class)

This class is used to carry data about a toll rate alert which has been received by the
ObjectCache from an AlertModule. Proxy alerts are collected and used by all Alert
Modules to aid in de-duping alerts which could be created via multiple Alert Modules.

5.2.1.2.21 ProxyTraveltimeAlert (Class)

This class is used to carry data about a travel time alert which has been received by the
ObjectCache from an AlertModule. Proxy alerts are collected and used by all Alert
Modules to aid in de-duping alerts which could be created via multiple Alert Modules.

5.2.1.2.22 ProxyUnhandedResourcesAlert (Class)

This subclass of ProxyAlert is used to cache UnhandledResourcesAlert types of alerts. It
holds and provides access to data specific to the UnhandledResourcesAlert, and provides an
isDuplicateOf() implementation specialized for comparing two alerts of this type.

5.2.1.2.23 TollRateAlertData (Class)

This IDL structure contain data specific to a Toll Rate Alert, e.g., the travel route which no
longer has data for its toll rate. (Text in the base AlertData structure provides a textual
description and alert management data.)

5.2.1.2.24 TravelTimeAlertData (Class)

This IDL structure contains data specific to a Travel Time Alert, e.g., the travel time limit
and the travel time which exceeded the limit. (Text in the base AlertData structure provides
a textual description and alert management data.)

5.2.1.2.25 UnhandledResourcesAlertData (Class)
This is a CORBA struct, defined in IDL, that contains the base alert data plus data specific
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to an UnhandledResourcesAlert.

5.3 Camera Control Module

5.3.1 Classes

5.3.1.1 VideoHighLevel (Class Diagram)

This diagram shows the High Level CHART II CORBA interfaces. This diagram does not
show all VideoService IDL elements, but shows the highest level elements and their
interrelationships. For further details, see VideoHighLevel-VideoSource, VideoHighLevel-
VideoSink, and VideoHighLevel-VideoTransmission diagrams. The collection of these last
three diagrams show all planned CORBA/IDL interface objects for the CHART II Video
Service. In all four of these diagrams, some boxes are shown indicating objects planned to
be implemented for later releases. These objects have been considered for future planning
purposes, to ensure than the current design is well-thought out enough to be able to
accommodate future planned enhancements.

This diagram shows cameras and related information generally on the left side, monitors
and related information generally on the right side, and video transmission and routing
capabilities in the central part of the diagram. The VideoProvider interface is the top of the
interface set which contains the VideoCamera interface. VideoSource includes video
sources including fixed cameras, image generators, etc. Likewise on the right side,
VideoCollector is at the top, opposite VideoProvider, with VideoSink and Monitor lower
down. In addition to VideoSource and VideoSink objects, BridgeCircuit objects will also
be VideoProviders and VideoCollectors, since any bridge circuit both collects video from
some other VideoProvider and provides video to the next VideoCollector in line. Multiple
bridge circuits may be present between the ultimate VideoProvider (i.e., the VideoSource,
that is, the camera, the true source of the image) and the ultimate VideoCollector (i.e., the
VideoSink, that is, the monitor, the final sink of the image).
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Figure 5-92 VideoHighLevel (Class Diagram)

5.3.1.1.1 BridgeCircuit (Class)

The BridgeCircuit interface is implemented by a objects which serve to bridge disparate
switch fabrics within video routes. These switch fabrics would include the switch fabrics
based around a V1500 switch and also the "null" switch fabric consisting of no switch and
codec VideoTransmissionDevice objects. The BridgeCircuit interface includes both the
VideoCollector interface (meaning the BridgeCircuit receives video from another
VideoProvider, ultimately the VideoSource) and the VideoProvider interface (meaning the
BridgeCircuit provides video to another VideoCollector, ultimately to one or more
VideoSink objects).

5.3.1.1.2 BridgeCircuitConfig (Class)

This represents configuration information for a bridge circuit. This is the status of a
BridgeCircuit object. It consists primarily of configuration of the VideoProvider side (input
to the bridge circuit) and of the VideoCollector side (output of the bridge circuit).
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5.3.1.1.3 CameraControlComPort (Class)

The CameraControlComPort interface is implemented by a class representing a COM port
with direct connection to the control port of a video camera. It is used to send video camera
control commands and return responses to a camera control process.

5.3.1.1.4 CameraControlDevice (Class)

The CameraControlDevice interface is implemented by classes which provides
communications for access to control functions for a video camera. This includes encoders
and direct COM ports.

5.3.1.1.5 Codec (Class)

The Codec interface is implemented by objects representing codec devices (that is, encoders
and decoders). It defines generic methods to be implemented by both encoders and
decoders.

5.3.1.1.6 COHU3955Camera (Class)

The COHU3955Camera interface is implemented by objects representing COHU model
3055 video cameras. It extends the ControllableVideoCamera interface by adding methods
unique to the COHU 3955 cameras (unique within the universe of camera types planned for
implementation within CHART II).

5.3.1.1.7 CommandProcessor (Class)

The CommandProcessor class provides an implementation of the CommandProccesor
interface and is derived from the CameraControDevice class. The CommanProcessor
manages the control of multiple cameras attached to one or more COM ports. The
CommandProcessor may or may not be local to the camera that is being controlled.

5.3.1.1.8 CommEnabled (Class)

The CommEnabled interface is implemented by objects that can have their communications
turned on or off. This interface also supports a maintenance mode (although any given
implementation may choose to implement putinMaintenanceMode() by throwing a
CHART2Exception, if maintenance mode is not supported by that particular
implementation). This interface is typically implemented only for field devices.

5.3.1.1.9 ControllableVideoCamera (Class)

The ControllableVideoCamera interface is implemented by objects representing
controllable video cameras within the CHART II system. The ControllableVideoCamera
interface represents a controllable video camera as opposed to an uncontrollable,
immovable VideoCamera. Current plans call for classes to represent a COHU 3955
camera, Vicon SVFT camera, and NTCIP-compliant camera, and there are interfaces
defined for each of these subtypes of ControllableVideoCamera. The
ControllableVideoCamera interface includes all methods common to the two known types
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of video cameras currently in use by MDSHA, although it is likely to contain a superset of
methods which would be implemented by the entire universe of all video cameras which
could someday be used. This interface may have to be refined in the event that future
brands or models of video cameras might be incorporated under CHART II, but it is an
appropriate set of methods for the present day. Current plans call for classes to represent a
COHU 3955 camera, Vicon SVFT camera, and NTCIP-compliant camera.

.1.10 Controllinginfo (Class)

The ControllingInfo structure contains information about the entity controlling (or
requesting to control) a VideoCamera.

.1.11 Decoder (Class)

The Decoder interface is implemented by classes representing any type of video decoder.
The Decoder interface includes both the Codec and the VideoReceivingDevice interfaces.

.1.12 DiagonallyMovable (Class)

The DiagonallyMovable interface is implemented by VideoCamera-enabled classes which
can be moved diagonally in addition to standard orthogonal pan and tilt commands. A
particular implementation may support 45-degree movements only, in which case the
panDir and tiltDir parameters are +/- 1 to indicate direction only, or an implementation may
support 360 degrees of motion, in which case, in addition to signs, the relative ratios of the
parameters indicate the percent of movement proportionally in the pan/tilt directions. This
interface is expected to be implemented beyond R2B2.

.1.13 Encoder (Class)

The Encoder interface is implemented by classes representing any type of video encoder.
The Encoder interface includes both the Codec and the VideoSendingDevice interfaces,
which means in addition to providing forwarding of video, it also is used to send video
camera control commands and return responses to a camera control process.

.1.14 Monitor (Class)

he Monitor interface is implemented by objects which represent a video monitor, e.g., a
real, physical "television set" on which a video image can be displayed. This is the most
common type of VideoSink (the other being a SWMonitor, part of a future requirement to
stream video directly to user's workstations (or potentially other nearby computers).

.1.15 NoVideoAvailableSource (Class)

The FixedVideoSource interface is implemented by objects which represent a video source
other than a video camera, such as the "No Image Available" image generators. This
interface could also represent a VCR or any other video source that is not a camera. The
FixedVideoSource does not include the GeoLocatable interface because the location (e.g.
lat/long) of a fixed video source is irrelevant in CHART II processing (unlike for a
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VideoCamera, for which the location (lat/long) of a camera could someday be used for
automatic identification of cameras near traffic events, automatic pointing of cameras to
traffic events, etc.)

5.3.1.1.16 NTCIPCamera (Class)

The NTCIPCamera interface is implemented by objects which support the NTCIP standard
for CCTV cameras. As this is a future requirement for cameras not currently fielded by
MDSHA, this interface is left to be defined at a later time.

5.3.1.1.17 PresetEnabled (Class)

The PresetEnabled interface is implemented by VideoCamera-enabled classes which can
store and move to presets. The savePreset() method saves the current camera position as
the preset position. This interface is expected to be implemented in R2B2.

5.3.1.1.18 SharedResource (Class)

The SharedResource interface is implemented by any object that must always have an
operations center responsible for the disposition of the resource while the resource is in use.

5.3.1.1.19 SwitchinputPort (Class)

This is the interface for a switch input port. A switch input port is a type of switch port and
is also a type of VideoSendingDevice, meaning it can send a video signal on behalf of the
VideoProvider attached to it to any one or more VideoReceivingDevices (and
corresponding VideoCollectors).

5.3.1.1.20 SwitchOutputPort (Class)

This is the interface for a switch output port. A switch output port is a type of switch port
and is also a type of VideoReceivingDevice (meaning it receives a video signal on behalf of
the VideoCollector attached to it). As VideoReceivingDevice, a SwitchOutputPort is
capable of being connected to any VideoSendingDevice.

5.3.1.1.21 SwitchPort (Class)

The is a generic SwitchPort interface. It is a CommEnabled interface, meaning a
SwitchPort can be online or offline. (A SwitchPort cannot be in maintenance mode).

5.3.1.1.22 SWMonitor (Class)

The SWMonitor interface is implemented by objects which represent a software monitor
capable of receiving and displaying video (i.e., a streaming video MPEG software decoder
running on a PC). This interface supports a future requirement to display video directly to
user's workstations.
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5.3.1.1.23 TransferableSharedResource (Class)

The TransferrableSharedResource interface is implemented by any object that must always
have an operations center responsible for the disposition of the resource while the resource
is in use but may also be allowed to transfer control of that resource to another operations
center.

5.3.1.1.24 Uniquelyldentifiable (Class)

The Uniquelyldentifiable interface is implemented by classes whose instances have a
unique identifier that is guaranteed not to match the identifier of any other uniquely
identifiable objects in the system. It provides access to the unique ID, and the name (which
does not have to be unique).

5.3.1.1.25 ViconSVFTCamera (Class)

The ViconSVFTCamera interface is implemented by a class representing the Vicon
Surveyor VFT model video camera. (As there are no other Vicon brand cameras used
within CHART II, there is no base ViconCamera interface representing all Vicon-brand
cameras. For one thing, there would be no known basis for allocating methods to the base
interface and the VFT interface.)

5.3.1.1.26 ViconSVFTPgmCmd (Class)

The ViconSVFTPgmCmd enueration defines the values that can be used in the
programCommand() method of the ViconSVFTCamera interface.

5.3.1.1.27 VideoCamera (Class)

The VideoCamera interface is implemented by objects representing video cameras within
the CHART II system. Classes implementing this interface (and nothing below this
interface would be fixed (non-controllable) video cameras. The VideoCamera interface
includes the GeoLocatable interface, to someday allow for advanced features such as
automatic identification of cameras near traffic events, automatic pointing of cameras to
traffic events, etc.

5.3.1.1.28 VideoCollector (Class)

The VideoCollector interface is a generic abstract interface including VideoSink objects
(e.g. video monitors) and BridgeCircuit objects. Both VideoSink and BridgeCircuit objects
collect video from a VideoProvider, but only VideoSink objects are true destination
endpoints for video feeds which a typical user would have direct interaction with.
BridgeCircuit VideoCollector objects are merely an intermediate step in a VideoRoute
which eventually provides video ultimately to the VideoSink object(s) at the end of the
route(s).

5.3.1.1.29 VideoFabric (Class)

The VideoFabric is implemented by a class which represents a "video fabric", that is a
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5.3.1

5.3.1

5.3.1

5.3.1

5.3.1

collection of VideoTransmissionDevice objects on a common "fabric" across which video
can be created directly. This includes any collection of switch input ports and switch output
ports on a single video switch. (Note that a collection of encoder and decoder types of
VideoTransmissionDevice objects represents a different video fabric, across which video
can be routed directly. The IP encoder/decoder fabric therefore is different from other
fabrics in that it has no associated video switch.

.1.30 VideoFabricConfig (Class)

The VideoFabricConfig structure is used to store and transmit configuration information
about a VideoFabric object.

.1.31 VideoProvider (Class)

The VideoProvider interface is a generic abstract interface including VideoSource objects
(e.g. video cameras) and BridgeCircuit objects. Both VideoSource and BridgeCircuit
objects provide video to a VideoCollector, but only VideoSource objects are true origins of
video which a typical user would have direct interaction with. BridgeCircuit VideoProvider
objects merely pass on video provided from elsewhere in a VideoRoute.

.1.32 VideoReceivingDevice (Class)

The VideoReceivingDevice interface is implemented by objects which can be used to
receive video from a corresponding VideoSendingDevice. A VideoReceivingDevice may
be an MPEG decoder or may be an output port on a video switch.

.1.33 VideoRoute (Class)

This interface defines a route through CHART II video distribution system. A given
implementation of a VideoRoute may or may not be actively in use at any given time.
Routes are defined by the combinations of all bridge circuits between all pairs of switch
fabrics within the CHART 11 video distribution system. Routes cannot be added or deleted
or enabled or disabled by users explicitly: the routes and their status are defined implicity
by the configuration and status of bridge circuits defined in the system at any given time.

.1.34 VideoRouteManager (Class)

The VideoRouteManager interface is implemented by a class which provides video routing
capabilities within CHART II. This router does not need to be used (in fact, cannot be
used) when the VideoSource and VideoSink are on the same switch fabric -- it is used only
to make video routes across switch fabrics. The implementation will use a set a rules to
arbitrate among requested video displays when a set of bridge circuits between one or more
pairs of switch fabrics is fully utilized. Based on the override rules implemented, a new
incoming routing request may or may not be able to be fulfilled depending upon priority,
routing guarantees, number of images viewed, ongoing camera control sessions, etc. If an
override can be granted, the overridden route(s) will be dropped in favor of the new route.
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5.3.1.1.35 VideoSendingDevice (Class)

The VideoSendingDevice interface is implemented by objects which can be used to send
video to a corresponding VideoReceivingDevice. A VideoSendingDevice may be an
MPEG encoder or may be an input port on a video switch.

5.3.1.1.36 VideoSink (Class)

The VideoSink interface is implemented by objects which serve as final endpoints for video
signals, such as video monitors and streaming video receivers directly on user workstations.
Within the user interface, the VideoSink interface represents all objects on which a video
source can be placed for viewing by users.

5.3.1.1.37 VideoSinkInfo (Class)

VideoSinkInfo represent information about a VideoSink that is used by a VideoTour.

5.3.1.1.38 VideoSource (Class)

The VideoSource interface is implemented by objects which originate video signals, such
as video cameras and image generators. Within the user interface, the VideoSource
interface represents all video sources which can be put on monitors (i.e., VideoSink
objects).

The VideoSource interface includes the SharedResource interface. A VideoSource is
controlled by an Operations Center if the VideoSource is in maintenance mode, or if the
VideoSource is a camera which has an active control session up.

5.3.1.1.39 VideoSwitch (Class)

The V1500Switch interface is implemented by a class representing any V1500 Video
Switch in the CHART system. This interface provides access to configuration and status
information for the siwtch, and provides connect and disconnect functions for making and
breaking video connections.

5.3.1.1.40 VideoSwitchConfig (Class)

This represents the configuration information for a V1500 switch.

5.3.1.1.41 VideoTour (Class)

The Tour interface is implemented by a class which maintains the configuration and status
of a single tour defined within the CHART II system.

5.3.1.1.42 VideoTourConfig (Class)

The TourConfig structure is used to hold and transmit configuration information about a
given camera tour.
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5.3.1.1.43 VideoTourEntry (Class)

The TourEntry structure is used to hold and transmit configuration information about a
single entry in a camera tour.

5.3.1.1.44 VideoTourFactory (Class)

The TourManager interface is implemented by a class which tracks tours defined in the
CHART II video system. It tracks the existence and configuration of tours and also tracks
the status of all tours, whether they are active or not.

5.3.1.1.45 VideoTourState (Class)

The VideoTourState enumeration defines the values that can be used to indicate the status
of a VideoTour.

5.3.1.1.46 VideoTourStatus (Class)

The TourStatus structure is used to hold and transmit status information about a given
camera tour (e.g., what VideoSink objects the Tour is currently running on.

5.3.1.1.47 VideoTransmissionDevice (Class)

The VideoTransmissionDevice interface is implemented by objects representing devices
which can be used for sending and receiving video. This interface provides CHART-
standard methods for accessing status and configuration information. Specific interfaces
supporting sending and receiving inherit from this abstract base interface.

5.3.1.2 VideoHighLevel-VideoSource (Class Diagram)

This diagram shows the VideoSource side of the VideoHighLevel diagram in more detail,
adding Factories, Configuration and Status structures, exceptions, and other supporting
interface elements. In general each of the major interface objects, VideoProvider,
VideoSource, VideoCamera, and ControllableVideoCamera have a factory and
configuration and status structures used to store and transmit configuration and status
information to clients and interested server objects.
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Figure 5-93 VideoHighLevel-VideoSource (Class Diagram)

5.3.1.2.1 CameraActionState (Class)

This enumeration identifies what action the camera is currently performing (if any).

5.3.1.2.2 CameraBusyException (Class)

This exception is thrown if an atttempt to issue an immediate mode camera control
command (such as pan, tilt, etc.) is issued while the camera is performing a long-running
command (such as a moveToPresetCommand or a setTitleCommand). This indicates to the
operator that the camera is momentarily busy, and the operator should try the action again
in a few seconds, or when the camera image on the monitor shows that the long-running
request has completed.

5.3.1.2.3 CameralsControlledException (Class)

This exception is thrown if a request to control a camera is denied because the camera is
already controlled, perhaps because a race condition where another operator has established
control just before the request.

CHART R3B3 Detailed Design 5-97 12/23/2008



5.3.1.2.4 CameraNotControlledException (Class)

This is an exception thrown if an attempt to issue a camera control command is issued when
the camera is not currently controlled by the requester. This is most likely to occur
immediately after a control override, in cases where the client has not received or processed
the override event yet.

5.3.1.2.5 CameraPreset (Class)

This structure stores information about a preset configured for a camera.

5.3.1.2.6 COHU3955Camera (Class)

The COHU3955Camera interface is implemented by objects representing COHU model
3055 video cameras. It extends the ControllableVideoCamera interface by adding methods
unique to the COHU 3955 cameras (unique within the universe of camera types planned for
implementation within CHART II).

5.3.1.2.7 COHU3955CameraStatus (Class)

The COHUCameraStatus structure is used to hold status information about COHUCamera
objects at the COHUCamera level.

5.3.1.2.8 ControllableVideoCamera (Class)

The ControllableVideoCamera interface is implemented by objects representing
controllable video cameras within the CHART II system. The ControllableVideoCamera
interface represents a controllable video camera as opposed to an uncontrollable,
immovable VideoCamera. Current plans call for classes to represent a COHU 3955
camera, Vicon SVFT camera, and NTCIP-compliant camera, and there are interfaces
defined for each of these subtypes of ControllableVideoCamera. The
ControllableVideoCamera interface includes all methods common to the two known types
of video cameras currently in use by MDSHA, although it is likely to contain a superset of
methods which would be implemented by the entire universe of all video cameras which
could someday be used. This interface may have to be refined in the event that future
brands or models of video cameras might be incorporated under CHART II, but it is an
appropriate set of methods for the present day. Current plans call for classes to represent a
COHU 3955 camera, Vicon SVFT camera, and NTCIP-compliant camera.

5.3.1.2.9 ControllableVideoCameraConfig (Class)

The ControllableVideoCameraConfig is used to hold and transmit configuration
information about ControllableVideoCamera objects at the ControllableVideoCamera level.

5.3.1.2.10 ControllableVideoCameraStatus (Class)

The ControllableVideoCameraStatus is used to hold and transmit status information about
ControllableVideoCameraStatus objects at the ControllableVideoCamera level.
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5.3.1.2.11 Controllinginfo (Class)

The ControllingInfo structure contains information about the entity controlling (or
requesting to control) a VideoCamera.

5.3.1.2.12 ControllingUserinfo (Class)

The ControllingUserInfo structure contains information about the monitor group and user
of the entity controlling (or requesting to control) a VideoCamera.

5.3.1.2.13 DiagonallyMovable (Class)

The DiagonallyMovable interface is implemented by VideoCamera-enabled classes which
can be moved diagonally in addition to standard orthogonal pan and tilt commands. A
particular implementation may support 45-degree movements only, in which case the
panDir and tiltDir parameters are +/- 1 to indicate direction only, or an implementation may
support 360 degrees of motion, in which case, in addition to signs, the relative ratios of the
parameters indicate the percent of movement proportionally in the pan/tilt directions. This
interface is expected to be implemented beyond R2B2.

5.3.1.2.14 EnMasseSetResult (Class)

This structure will be used to communicate failures in setting a number of cameras to auto
iris, auto focus, or auto color balance. It specifies results for one camera which failed.

5.3.1.2.15 EnMasseSetResultList (Class)

This structure will be used to communicate failures in setting a number of cameras to auto
iris, auto focus, or auto color balance. It specifies results for all cameras which failed.
(Cameras which succeeded are not included in this list.)

5.3.1.2.16 MonitorDisplayinfo (Class)
This structure holds details about each monitor on which the VideoProvider is currently
being displayed.

5.3.1.2.17 NTCIPCamera (Class)

The NTCIPCamera interface is implemented by objects which support the NTCIP standard
for CCTV cameras. As this is a future requirement for cameras not currently fielded by
MDSHA, this interface is left to be defined at a later time.

5.3.1.2.18 PresetEnabled (Class)

The PresetEnabled interface is implemented by VideoCamera-enabled classes which can
store and move to presets. The savePreset() method saves the current camera position as
the preset position. This interface is expected to be implemented in R2B2.
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5.3.1.2.19 PresetUndefinedException (Class)

This exception is thrown when an attempt is made to move to an undefined preset.

5.3.1.2.20 SharedResource (Class)

The SharedResource interface is implemented by any object that must always have an
operations center responsible for the disposition of the resource while the resource is in use.

5.3.1.2.21 SharedResourceManager (Class)

The SharedResourceManager interface is implemented by classes that manage shared
resources. Implementing classes must be able to provide a list of all shared resources under
their management. Implementing classes must also be able to tell others if there are any
resources under its management that are controlled by a given operations center.

5.3.1.2.22 TransferableSharedResource (Class)

The TransferrableSharedResource interface is implemented by any object that must always
have an operations center responsible for the disposition of the resource while the resource
is in use but may also be allowed to transfer control of that resource to another operations
center.

5.3.1.2.23 ViconSVFTCamera (Class)

The ViconSVFTCamera interface is implemented by a class representing the Vicon
Surveyor VFT model video camera. (As there are no other Vicon brand cameras used
within CHART II, there is no base ViconCamera interface representing all Vicon-brand
cameras. For one thing, there would be no known basis for allocating methods to the base
interface and the VFT interface.)

5.3.1.2.24 ViconSVFTPgmCmd (Class)

The ViconSVFTPgmCmd enueration defines the values that can be used in the
programCommand() method of the ViconSVFTCamera interface.

5.3.1.2.25 VideoCamera (Class)

The VideoCamera interface is implemented by objects representing video cameras within
the CHART II system. Classes implementing this interface (and nothing below this
interface would be fixed (non-controllable) video cameras. The VideoCamera interface
includes the GeoLocatable interface, to someday allow for advanced features such as
automatic identification of cameras near traffic events, automatic pointing of cameras to
traffic events, etc.

5.3.1.2.26 VideoCameraConfig (Class)

The VideoCameraConfig structure is used to hold configuration information about
VideoCamera objects at the VideoCamera level. Further details about lower-level
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VideoCamera subclasses are provided by subclasses of VideoCameraConfig. Device
Location member has been modified for R3B3. Now it contains a detailed location
information.

5.3.1.2.27 VideoCameraFactory (Class)
The GenericVideoCameraFactory interface is implemented by factory classes responsible
for creating, maintaining, and controlling a collection of GenericVideoCamera objects.

5.3.1.2.28 VideoCameraStatus (Class)

The VideoCameraStatus structure is used to hold status information about VideoCamera
objects at the VideoCamera level. Further details about lower-level VideoCamera
subclasses are provided by subclasses of VideoCameraStatus.

5.3.1.2.29 VideoDisplayRevokedOrg (Class)
This structure is used to store information about an organization for which display of the
associated camera has been revoked.

5.3.1.2.30 VideoProvider (Class)

The VideoProvider interface is a generic abstract interface including VideoSource objects
(e.g. video cameras) and BridgeCircuit objects. Both VideoSource and BridgeCircuit
objects provide video to a VideoCollector, but only VideoSource objects are true origins of
video which a typical user would have direct interaction with. BridgeCircuit VideoProvider
objects merely pass on video provided from elsewhere in a VideoRoute.

5.3.1.2.31 VideoProviderConfig (Class)

The VideoProviderConfig structureis used to hold configuration information about
VideoProvider objects at the VideoProvider level. Further details about lower-level
VideoProvider subclasses are provided by subclasses of VideoProviderConfig.

5.3.1.2.32 VideoProviderFactory (Class)

The VideoProviderFactory interface is implemented by factory classes responsible for
creating and maintaining a collection of VideoProvider objects.

5.3.1.2.33 VideoProviderStatus (Class)

The VideoProviderStatus structure is used to hold status information about VideoProvider
objects at the VideoProvider level. Further details about lower-level VideoProvider
subclasses are provided by subclasses of VideoProviderStatus.

5.3.1.2.34 VideoSource (Class)

The VideoSource interface is implemented by objects which originate video signals, such
as video cameras and image generators. Within the user interface, the VideoSource
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interface represents all video sources which can be put on monitors (i.e., VideoSink
objects).

The VideoSource interface includes the SharedResource interface. A VideoSource is
controlled by an Operations Center if the VideoSource is in maintenance mode, or if the
VideoSource is a camera which has an active control session up.

5.3.1.2.35 VideoSourceConfig (Class)

The VideoSourceConfig structure is used to hold configuration information about
VideoSource objects at the VideoSource level. Further details about lower-level
VideoSource subclasses are provided by subclasses of VideoSourceConfig.

5.3.1.2.36 VideoSourceFactory (Class)

The VideoSourceFactory interface is implemented by factory classes responsible for
creating, maintaining, and controlling a collection of VideoSource objects.

5.3.1.2.37 VideoSourceStatus (Class)

The VideoSourceStatus structure is used to hold status information about VideoSource
objects at the VideoSource level. Further details about lower-level VideoSource subclasses
are provided by subclasses of VideoSourceStatus.

5.3.1.2.38 VideoSourceType (Class)

This enumeration identifies the various types of cameras which can exist in the system.
The fixed type is for all non-controllable cameras.

5.3.1.3 CameraControlModule (Class Diagram)

This diagram shows the classes with comprise the CameraControlModule. The
CameraControlModule is an installable module that serves the camera-type objects and
factories to the rest of the CHART II system. This diagram shows how the implementation
of these CORBA interfaces rely on other supporting classes to perform their functions. The
CameraControlModule is responsible for serving all VideoSource objects including
controllable cameras, fixed cameras, No Video Available sources, and potentially any other
image generators, etc. The COHU3955Cameralmpl and the viconS VFTCameralmpl are
the primary classes operating in this module. These objects provide all access to the camera
status and configuration. The CameraControlModule also includes factory implementations
responsible for providing lists of cameras and other such objects to interested clients.
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Figure 5-94 CameraControlModule (Class Diagram)

5.3.1.3.1 BlockToPublicCmd (Class)
This class represents the information needed to create a block camera to public command to
be added on the CommandQueue.

5.3.1.3.2 CameraCommand (Class)

CameraCommand contains information about the commands sent to, and responses
received from, the camera.

5.3.1.3.3 CameraControlComPort (Class)

The CameraControlComPort interface is implemented by a class representing a COM port
with direct connection to the control port of a video camera. It is used to send video camera
control commands and return responses to a camera control process.
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5.3.1.3.4 CameraControlDB (Class)

The CameraControlDB class provides an interface between the Camera service and the
database used to persist and depersist the Camera objects and their configuration and status
in the database. It contains a collection of methods that perform database operations on
tables pertinent to Camera Control. The class is constructed with a DBConnectionManager
object, which manages database connections. Methods exist to insert and delete Camera
objects from the database, and to get and set their configuration and status information.

5.3.1.3.5 CameraControlDevice (Class)

The CameraControlDevice interface is implemented by classes which provides
communications for access to control functions for a video camera. This includes encoders,
command processors, and direct COM ports.

5.3.1.3.6 CameraControlModule (Class)

The CameraControlModule class is the service module for the Camera devices and a
Camera factory. It implements the ServiceApplicationModule interface. It creates and
serves a single CameraFactorylmpl object, which in turn serves zero or more Cameralmpl
objects. It also creates CameraControlDB, CameraControlModuleProperties, and
PushEventSupplier objects.

5.3.1.3.7 CameraControlModuleProperties (Class)

The CameraControlModuleProperties class is used to provide access to properties used by
the Camera Control Module. This class wraps properties that are passed to it upon
construction. It adds its own defaults and provides methods to extract properties specific to
the Camera Control Module.

5.3.1.3.8 CameraProtocolHdIr (Class)

CameraProtocolHdIr classes provide implementations for all the camera commands. Each
Cameralmpl class will have a CameraProtocolHdlr instantiated when initialized. When a
camera control command is sent to the Cameralmpl, CameraProtocolHdIr will be called to
translate the command to byte messages which the camera understands. Then those
messages are sent by the CameraControlDevice to the camera. CameraProtocolHdlr is
capable of using different CameraControlDevice which is created during the initialization.

5.3.1.3.9 CheckForAbandonedCameraTask (Class)

The CheckForAbandonedCameraTask is a timer task. When the timer fires, it checks to see
if a camera control session has exceeded the timeout, or whether a camera is controlled by
an Operations center with no one logged in.

5.3.1.3.10 COHU3955Camera (Class)

The COHUCamera interface is implemented by objects representing COHU-brand video
cameras. The COHUCamera interface is extended by the COHUMPCCamera and
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COHU3955Camera interfaces. The COHUCamera interface includes all methods which
are common to the two COHU cameras used by CHART II, the COHU MPC camera and
the COHU 3955 camera. (Note that this interface may well contain a superset of methods
which would be implemented by the entire line of all models of COHU video cameras).

5.3.1.3.11 COHU3955Cameralmpl (Class)

This class implements the COHU3955Camera interface, and inherits from the
ControllableCameralmpl class. The COHU3955Cameralmpl implements methods of
COHU3955Camera, extending the controllable camera to include 3955-specific operations.
This class will contain a configuration and status object as necessary to convey 3955-
specific configuration and status information.

5.3.1.3.12 COHU3955CameraStatus (Class)

The CameraStatus class is an abstract value-type class which provides status information
for a Camera. This status information is relatively dynamic: things like the communication
mode, operational status, operation center information, status change time.

5.3.1.3.13 COHUProtocolHdIr (Class)

COHUProtocolHdIr is the base class for all COHU cameras. At present, this class contains
implementations for common functions for COHU MPC and COHU 3955 cameras

5.3.1.3.14 CommandProcessor (Class)

The CommandProcessor class is used to send control commands to a camera.

5.3.1.3.15 CommandQueue (Class)

The CommandQueue class provides a queue for QueueableCommand objects. The
CommandQueue has a thread that it uses to process each QueueableCommand in a first in
first out order. As each command object is pulled off the queue by the CommandQueue's
thread, the command object's execute method is called, at which time the command
performs its intended task.

5.3.1.3.16 CommEnabled (Class)

The CommEnabled interface is implemented by objects that can be taken offline, put
online, or put in maintenance mode through a standard interface. These states typically
apply only to field devices. When a device is taken offline, it is no longer available for use
through the system and automated polling (if any) is halted. When put online, a device is
again available for use by TrafficEvents within the system and automated polling is enabled
(if applicable). When put in maintenance mode a device is offline (i.e., cannot be used by
TrafficEvents), and maintenance commands appropriate for the particular type of device are
allowed to help in troubleshooting.
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5.3.1.3.17 ControllableCameraFactorylmpl (Class)

The CameraFactorylmpl class provides an implementation of the CameraFactory interface
(and its CameraFactory and SharedResourceManager interfaces) as specified in the IDL.
The CameraFactorylmpl maintains a list of Cameralmpl objects and is responsible for
publishing Camera objects in the Trader on startup and as new camera objects are created.
Whenever a Camera is created or removed, that information is persisted to the database.
This class is also responsible for performing the checks requested by the timer tasks: to
poll the Camera devices, to look for Camera devices with timeout exceeded, to look for
Camera devices with no one logged in at the controlling operations center, and to initiate
recovery processing as needed

5.3.1.3.18 ControllableVideoCamera (Class)

The ControllableVideoCamera interface is implemented by objects representing
controllable video cameras within the CHART II system. The ControllableVideoCamera
interface represents a controllable video camera as opposed to the uncontrollable,
immovable VideoCamera. Current plans call for classes to represent a COHU MPC
camera, COHU 3955 camera, Vicon SVFT camera, and NTCIP-compliant camera, and
there are interfaces defined for each of these subtypes of ControllableVideoCamera. The
ControllableVideoCamera interface includes all methods common to the three known types
of video cameras currently in use by MDSHA, although it is likely to contain a superset of
methods which would be implemented by the entire universe of all video cameras which
could someday be used. This interface may have to be refined in the event that future
brands or models of video cameras might be incorporated under CHART II, but it is an
appropriate set of methods for the present day. Current plans call for classes to represent a
COHU MPC camera, COHU 3955 camera, Vicon SVFT camera, and NTCIP-compliant
camera.

5.3.1.3.19 ControllableVideoCameraConfig (Class)

The ControllableVideoCameraConfig is used to hold and transmit configuration
information about ControllableVideoCamera objects at the ControllableVideoCamera level.

5.3.1.3.20 ControllableVideoCameralmpl (Class)

The ControllableCameralmpl class provides an implementation of the
ControllableVideoCamera interface and is derived from the Cameralmpl class
implementing the VideoCamera interface.

This class contains a CommandQueue object that is used to sequentially execute long
running operations related to camera control in a thread separate from the CORBA request
threads, thus allowing quick initial responses.

Also contained in this class are ControllableVideoCameraConfig and
ControlablVideoCameraStatus objects (used to store the configuration and status of the
camera), and a VideCameraData object (used to store internal status information which is
persisted but not pushed out to clients).
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The ControllableCameralmpl contains *Impl methods that map to methods specified in the
IDL, including requests to request control of the camera, terminate control of the camera,
override control of the camera, and to send pan/tilt/zoom (PTZ) commands to the camera.
Some of these requests are long running, so each request is stored in a specific subclass of
QueueableCommand and added to the CommandQueue. The queueable command objects
simply call the appropriate ControllableCameralmpl method as the command is executed
by the CommandQueue in its thread of execution. PTZ commands are not considered long
running and are not placed on the command queue.

The ControllableCameralmpl also contains methods called by the CameraFactory to
support the timer tasks of the Camera Service: to poll the Camera, to look for Camera
devices with communications timeout exceeded.

5.3.1.3.21 ControllableVideoCameraStatus (Class)

The ControllableVideoCameraStatus is used to hold and transmit status information about
ControllableVideoCameraStatus objects at the ControllableVideoCamera level.

5.3.1.3.22 Controllinginfo (Class)

The ControllingInfo structure contains information about the entity controlling (or
requesting to control) a VideoCamera.

5.3.1.3.23 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

5.3.1.3.24 DisplaylmageCmd (Class)

This class represents the information needed to create a display image command to be
added on the CommandQueue.

5.3.1.3.25 Encoder (Class)

The Encoder interface is implemented by classes representing any type of video encoder.
The Encoder interface includes both the Codec and the VideoSendingDevice interfaces,
which means in addition to providing forwarding of video, it also is used to send video
camera control commands and return responses to a camera control process.
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5.3.1.3.26 java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.3.1.3.27 java.util.TimerTask (Class)

This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.3.1.3.28 MoveToPresetCmd (Class)

This class represents the information needed to create a move to preset command to be
added on the CommandQueue.

5.3.1.3.29 PollCameraTask (Class)

The PollCameraTask is a timer task. When the timer fires it polls a camera by sending a
poll command to the camera.

5.3.1.3.30 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

5.3.1.3.31 PutCameraOnlineCmd (Class)

This class represents the information needed to request a put camera online command to be
added on the CommandQueue.

5.3.1.3.32 QueueableCommand (Class)

A QueueableCommand is an interface used to represent a command that can be placed on a
CommandQueue for asynchronous execution. Derived classes implement the execute
method to specify the actions taken by the command when it is executed. This interface
must be implemented by any device command in order that it may be queued on a
CommandQueue. The CommandQueue driver calls the execute method to execute a
command in the queue and a call to the interrupted method is made when a
CommandQueue is shut down.
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5.3.1.3.33 RequestCameraControlCmd (Class)

This class represents the information needed to request a camera control command to be
added on the CommandQueue.

5.3.1.3.34 RequestCameraOverrideCmd (Class)

This class represents the information needed to request a camera control override command
to be added on the CommandQueue.

5.3.1.3.35 RevokeControlCmd (Class)

This class represents the information needed to create a revoke camera control command to
be added on the CommandQueue.

5.3.1.3.36 RevokeDisplayCmd (Class)
This class represents the information needed to create a revoke camera display command to
be added on the CommandQueue.

5.3.1.3.37 ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
Chartll service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

5.3.1.3.38 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing

classes are notified when their host service is initialized and when it is shutdown. The

implementing class can use these notifications along with the services provided by the

invoking Service Application to perform actions such as object creation and publication.
5.3.1.3.39 TakeCameraOfflineCmd (Class)

This class represents the information needed to request a take camera offline command to
be added on the CommandQueue.

5.3.1.3.40 TerminateControlCmd (Class)

This class represents the information needed to request a terminate camera control
command to be added on the CommandQueue.

5.3.1.3.41 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.
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5.3.1.3.42 ViconSVFTCameralmp (Class)

This class implements the ViconS VFTCamera interface, and inherits from the
ControllableCameralmpl class. The ViconSurveyorVFTCameralmpl implements methods
of ViconSVFTCamera, extending the controllable camera to include Vicon SVFT-specific
operations. This class will contain a configuration and status object as necessary to convey
Vicon SVFT-specific configuration and status information.

5.3.1.3.43 ViconSVFTCameraStatus (Class)

The ViconSVFTCameraStatus class is used to hold camera status information at the
ViconSVFTCamera level. Only ViconSVFTCamera specific information is stored.

5.3.1.3.44 ViconSVFTProtocolHdIr (Class)

This class contains an implementation for Vicon SVFT camera control commands. It
translates every camera command (pan, tilt, zoom...) into bytes that a Vicon SVFT camera
understands. Then, it uses a CameraControlDevice to send the byte codes to the camera and
evaluate responses from the camera.

5.3.1.3.45 VideoCamera (Class)

The VideoCamera interface is implemented by objects representing controllable video
cameras within the CHART II system. The VideoCamera interface represents a
controllable video camera as opposed to the uncontrollable, immovable
FixedVideoCamera, the other type of GenericVideoCamera. (The VideoCamera class
could have been called the ControllableVideoCamera interface, but since the CHART II
video system exists primarily to control controllable video cameras, the camera hierarchy
has been arranged to avoid the longish name ControllableVideoCamera.) Current plans call
for classes to represent a COHU MPC camera, COHU 3955 camera, Vicon SVFT camera,
and NTCIP-compliant camera, and there are interfaces defined for each of these subtypes of
VideoCamera. The VideoCamera interface includes the GeoLocatable interface, to
someday allow for advanced features such as automatic identification of cameras near
traffic events, automatic pointing of cameras to traffic events, etc.

The VideoCamera interface includes all methods common to the three known types of
video cameras currently in use by MDSHA, although it is likely to contain a superset of
methods which would be implemented by the entire universe of all video cameras which
could someday be used. This interface may have to be refined in the event that future
brands or models of video cameras might be incorporated under CHART II, but it is an
appropriate set of methods for the present day.

5.3.1.3.46 VideoCameraConfig (Class)

The VideoCameraConfig structure is used to hold configuration information about
VideoCamera objects at the VideoCamera level. Further details about lower-level
VideoCamera subclasses are provided by subclasses of VideoCameraConfig.
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5.3.1.3.47 VideoCameraFactory (Class)

The VideoCameraFactory interface is implemented by factory classes responsible for
creating, maintaining, and controlling a collection of VideoCamera objects.

5.3.1.3.48 VideoCameralmpl (Class)

The Cameralmpl class provides an implementation of the VideoCamera interface, and by
extension the VideoSource, SharedResource, CommEnabled, GeoLocatable, and
Uniquelyldentifiable interfaces, as specified by the IDL.

This class contains a CommandQueue object that is used to sequentially execute long
running operations in a thread separate from the CORBA request threads, thus allowing
quick initial responses.

Also contained in this class are VideoCameraConfig and VideoCameraStatus objects (used
to store the configuration and status of the camera), and a VideCameraData object (used to
store internal status information which is persisted but not pushed out to clients).

The Cameralmpl contains *Impl methods that map to methods specified in the IDL,
including requests to display the camera video on a monitor, remove the camera video from
a monitor, put the camera online, put the camera offline, put the camera in maintenance
mode (future), or to change (set) the configuration of the camera (future). Some of these
requests require (or potentially require) field communications to the device, so each request
is stored in a specific subclass of QueueableCommand and added to the CommandQueue.
The queueable command objects simply call the appropriate Cameralmpl method as the
command is executed by the CommandQueue in its thread of execution.

The Cameralmpl also contains methods called by the CameraFactory to support the timer
tasks of the Camera Service: to look for Cameras with no one logged in at the controlling
operations center, and to initiate recovery processing if needed (future).

5.3.1.3.49 VideoCameraStatus (Class)

The VideoCameraStatus structure is used to hold status information about VideoCamera
objects at the VideoCamera level. Further details about lower-level VideoCamera
subclasses are provided by subclasses of VideoCameraStatus.

5.3.1.3.50 VideoProvider (Class)

The VideoProvider interface is a generic abstract interface including VideoSource objects
(e.g. video cameras) and BridgeCircuit objects. Both VideoSource and BridgeCircuit
objects provide video to a VideoCollector, but only VideoSource objects are true origins of
video which a typical user would have direct interaction with. BridgeCircuit VideoProvider
objects merely pass on video provided from elsewhere in a VideoRoute.

5.3.1.3.51 VideoProviderStatus (Class)

The VideoProviderStatus structure is used to hold and transmit status information about
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VideoProvider objects at the VideoProvider level. Further details about lower-level
VideoProvider subclasses are provided by subclasses of VideoProviderStatus.

5.3.1.3.52 VideoSource (Class)

The VideoSource interface is implemented by objects which originate video signals, such
as video cameras and image generators. Within the user interface, the VideoSource
interface represents all video sources which can be put on monitors (i.e., VideoSink
objects).

The VideoSource interface includes the SharedResource interface. A VideoSource is
controlled by an Operations Center if the VideoSource is in maintenance mode, or if the
VideoSource is a camera which has an active control session up.

5.3.1.3.53 VideoSourceStatus (Class)

The VideoSourceStatus structure is used to hold and transmit status information about
VideoSource objects at the VideoSource level. Further details about lower-level
VideoSource subclasses are provided by subclasses of VideoSourceStatus.

5.3.2 Sequence Diagrams

5.3.2.1 CameraControlModule:SetCameraConfiguration (Sequence Diagram)

This sequence diagram shows the implementation of the setConfiguration interface of the
Cameralmpl class (which represents VideoProviderImpl, VideoSourceImpl,
VideoCameralmpl etc.). First a check is performed to verify that the operator has sufficient
privileges to update a camera. Next a check is made to see that the camera is offline. Only
offline cameras may have their configurations updated. If the camera is offline, the new
configuration is validated. Next the new configuration is written to the database. Finally,
the camera is apprised of its new configuration.
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Figure 5-95 CameraControlModule:SetCameraConfiguration (Sequence Diagram)
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5.4 DMS Control Module

5.4.1 Classes

5.4.1.1 DMSControlClassDiagram (Class Diagram)

This Class Diagram shows the classes of the DMS Control Module. The DMS Control
Module is an installable module that serves the DMS objects and DMSFactory to the rest of
the Chart2 system. This diagram shows how the implementation of these CORBA
interfaces rely on other supporting classes to perform their functions.
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5.4.1

5.4.1

5.4.1

5.4.1

1.1 AlertFactoryWrapper (Class)

This singleton class provides a wrapper for the Alert Factory that provides automatic
location of an Alert Factory and automatic re-discovery should the Alert Factory reference
return an error. This class also allows for built-in fault tolerance by automatically failing
over to a "working" Alert Factory without the user of this class being aware that this being
done. In addition, this class defers the discovery of the Alert Factory until its first use, thus
eliminating a start-up dependency for modules that use the Alert Factory.

This class delegates all of its method calls to the system AlertFactory using its currently
known good reference to an AlertFactory. If the current reference returns a CORBA failure
in the delegated call, this class automatically switches to another reference. When there are
no good references (as is true the first time the object is used), this class issues a trader
query to (re)discover the published Alert Factory objects in the system. During a method
call, the trader will be queried at most one time and under normal circumstances, not at all.

.1.2 ArbitrationQueue (Class)

An ArbitrationQueue is a queue that arbitrates the usage of a device. The evaluation of the
queue determines which message(s) should be on the device, based upon the priority of the
queue entries. When entries are added to the queue, they are assigned a priority level based
on the type of traffic event with which they are associated, and also upon the current
contents of the queue. The priority of the queue entries can be modified after they are
added to the queue. The queue is evaluated when the device is online and queue entries are
added or removed, when an entry's priority is modified, or when the device is put online.

.1.3 ArbQueueEntry (Class)

This class is used for an entry on the arbitration queue, for a single message, and for a
single traffic event. (It is possible, in the case of HARNotifierArbQueueEntry objects, that
certain ArbQueueEntries can be on behalf of multiple TrafficEvents. In such cases, one
TrafficEvent among all those involved is picked to be the responsible TrafficEvent stored in
m_indicator, the ArbQueueEntrylIndicator for the entry.)

.1.4 Chart2DMS (Class)

The Chart2DMS class extends the DMS interface and defines a more detailed interface to
be used in manipulating the CHART-specific DMS objects within CHART. It provides an
interface for traffic events to provide input as to what each traffic event desires to be on the
sign via the ArbitrationQueue interface. Through the HARMessageNotifier interface, a
HAR can use a DMS to notify travelers to tune in to a radio station to hear a traffic
message. CHART business rules include concepts such as shared resources, arbitration
queues, and linking device usage to traffic events. These concepts go beyond industry-
standard DMS control. This includes an ability to enable and disable CHART traveler
information messages, which were added in R3B3.
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.1.5 Chart2DMSConfiguration (Class)

The Chart2DMSConfiguration class is an abstract class which extends the
DMSConfiguration class to provide configuration information specific to Chart II
processing. Such information includes how to contact the sign under Chart II software
control, the default SHAZAM message for using the sign as a HAR Notifier, and the
owning organization. Such data extends beyond what would be industry-standard
configuration information for a DMS. Parameters to support TCP/IP communications,
notifications and more alerts, and traveler information messages were added for R3B3.

.1.6 Chart2DMSData (Class)

This class is used to store data associated with a DMS such as last contact time etc

.1.7 Chart2DMSFactory (Class)

The Chart2DMSFactory interface extends the DMSFactory interface to provide additional
Chart II specific capability. This factory creates Chart2DMS objects (extensions of DMS
objects). It implements the SharedResourceManager capability to control DMS objects as
shared resources.

.1.8 Chart2DMSFactorylmpl (Class)

The Chart2DMSFactorylmpl class provides an implementation of the Chart2DMSFactory
interface (and its DMSFactory and SharedResourceManager interfaces) as specified in the
IDL. The Chart2DMSFactoryImpl maintains a list of Chart2DMSImpl objects and is
responsible for publishing DMS objects in the Trader on startup and as new DMS objects
are created. Whenever a DMS is created or removed, that information is persisted to the
database. This class is also responsible for performing the checks requested by the timer
tasks: to poll the DMS devices, to look for DMS devices with timeout exceeded, to look
for DMS devices with no one logged in at the controlling operations center, and to initiate
recovery processing as needed.

.1.9 Chart2DMSImpl (Class)

The Chart2DMSImpl class provides an implementation of the Chart2DMS interface, and by
extension the DMS, SharedResource, HARMessageNotifier, CommEnabled, GeoLocatable,
ArbitrationQueue and Uniquelyldentifiable interfaces, as specified by the IDL.

This class contains a CommandQueue object that is used to sequentially execute long
running operations (field communications to the device) in a thread separate from the
CORBA request threads, thus allowing quick initial responses. The Chart2DMSImpl also
contains a MessageQueue, which is used by the ArbitrationQueue interface methods to
handle requests from TrafficEvents to display or remove messages from the signs in online
mode. When the Chart2DMSImpl evaluates its messages in the MessageQueue, it
combines the highest priority messages into a single message which is placed into an
appropriate QueueableCommand object (subclass of QueueableCommand) and added to the
CommandQueue.
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Also contained in this class are Chart2DMSConfiguration and Chart2DMSStatus objects
(used to store the configuration and status of the sign), and a Chart2DMSData object (used
to store internal status information which is persisted but not pushed out to clients), a list of
ArbQueueEntry objects from the MessageQueue that are currently active on the sign, and a
copy of the last QueueableCommand to put a message on the sign.

The Chart2DMSImpl contains *Impl methods that map to methods specified in the IDL,
including requests to put a message on the sign or remove a message (in maintenance mode
only), put the sign online, put the sign offline, put the sign in maintenance mode, or to
change (set) the configuration of the sign. All of these requests require (or potentially
require) field communications to the device, so each request is stored in a specific subclass
of QueueableCommand and added to the CommandQueue. The queueable command
objects simply call the appropriate Chart2DMSImpl method as the command is executed by
the CommandQueue in its thread of execution.

The Chart2DMSImpl also contains methods called by the Chart2DMSFactory to support
the timer tasks of the DMS Service: to poll the DMS devices, to look for DMS devices with
communications timeout exceeded, to look for maintenance mode DMS devices with no
one logged in at the controlling operations center, and to initiate recovery processing if
needed.

5.4.1.1.10 Chart2DMSStatus (Class)

The Chart2DMSStatus class is an abstract class which extends the DMSStatus class to
provide status information specific to CHART processing, such as information on the
controlling operations center for the sign. This data extends beyond what would be
industry-standard status information for a DMS. Status information for traveler information
messages was added in R3B3.

5.4.1.1.11 CheckCommLossTask (Class)

The CheckCommLossTask class is responsible for determining when communications to a
DMS device have been down long enough to decide that the sign is or should be blank or
considered to be blank. The anticipated time interval for making such a determination is on
the order of ten minutes (however, this task is called much more frequently than that, so
that the timeout can be detected soon after it has expired). This class implements the
java.util. TimerTask interface, and as such it contains one method, run(), which is invoked
by Java timer object on a regularly scheduled basis. This class contains a reference to the
Chart2DMSFactoryImpl, which is called upon to actually check the DMS objects each time
this task is called.

5.4.1.1.12 CheckForAbandonedDMSTask (Class)

The CheckForAbandonedDMSTask class is responsible for detecting any DMS device in
maintenance mode with a message on it which has no one logged it at the controlling
operations center. This would only occur as a result of an anomaly, such as a reboot of a
user's machine, because during a normal Chart II logout attempt, the logout is prohibited by
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Chart II system if the user is the last user on his/her operations center and that operations
center is controlling a sign. However, because anomalies happen, this task runs
periodically to look for abandoned DMS devices. This class implements the

java.util. TimerTask interface, and as such it contains one method, run(), which is invoked
by Java timer object on a regularly scheduled basis. This class contains a reference to the
Chart2DMSFactorylmpl, which is called upon to actually check the DMS objects and
controlling operations centers of each DMS every time this task is called.

.1.13 CommandQueue (Class)

The CommandQueue class provides a queue for QueueableCommand objects. The
CommandQueue has a thread that it uses to process each QueueableCommand in a first in
first out order. As each command object is pulled off the queue by the CommandQueue's
thread, the command object's execute method is called, at which time the command
performs its intended task.

.1.14 CommEnabled (Class)

The CommEnabled interface is implemented by objects that can be taken offline, put
online, or put in maintenance mode through a standard interface. These states typically
apply only to field devices. When a device is taken offline, it is no longer available for use
through the system and automated polling (if any) is halted. When put online, a device is
again available for use by TrafficEvents within the system and automated polling is enabled
(if applicable). When put in maintenance mode a device is offline (i.e., cannot be used by
TrafficEvents), and maintenance commands appropriate for the particular type of device are
allowed to help in troubleshooting.

.1.15 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

.1.16 DictionaryWrapper (Class)

This singleton class provides a wrapper for the system dictionary that provides automatic
location of the dictionary and automatic re-discovery should the dictionary reference return
an error. This class also allows for built-in fault tolerance by automatically failing over to a
"working" dictionary without the user of this class being aware that this being done. In
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addition, this class defers the discovery of the Dictionary until its first use, thus eliminating
a start-up dependency for modules that use the dictionary.

This class delegates all of its method calls to the system dictionary using its currently
known good reference to the system dictionary. If the current reference returns a CORBA
failure in the delegated call, this class automatically switches to another reference. When
there are no good references (as is true the first time the object is used), this class issues a
trader query to (re)discover the published Dictionary objects in the system. During a
method call, the trader will be queried at most one time and under normal circumstances
(other than the first use) the trader will not be queried at all.

5.4.1.1.17 DiscoveryManager (Class)

This SystemContextProvider interface defines some of the functionality required by a class
which provides discovery services for CHART services. It is used by both the CHART
GUI and the CHART backend services. A class which implements this interface must
provide "get" accessor methods for the system profile properties, the data model, and the
main processing queue for a service, for instance. It also provides access to the root
deployment path and dynamic image path, which is used only by the CHART GUI. For the
CHART GUI, this interface is known to be implemented by the MainServlet; for the back
end CHART services, this interface is known to be implemented by the Discovery
Manager.

5.4.1.1.18 DMS (Class)

The DMS class defines an interface to be used in manipulating Dynamic Message Sign
(DMS) objects within Chart II. It specifies methods for setting messages and clearing
messages from a sign (in maintenance mode), polling a sign, changing the configuration of
a sign, and resetting a sign. (Setting messages on a sign in online mode are not
accomplished by manipulating a DMS directly; that is accomplished by manipulating traffic
events, which use an ArbitrationQueue interface or by manipulating HARs, which use a
HARMessageNotifier interface. This activity involves the DMS extension, Chart2DMS,
which defines interactions with signs under Chart II business rules.)

5.4.1.1.19 DMSArbitrationQueue (Class)

This class provides the implementation of an arbitration queue tailored for DMS devices.

5.4.1.1.20 DMSControlDB (Class)

The DMSControlDB class provides an interface between the DMS service and the database
used to persist the DMS objects and their configuration and status in the database. It
contains a collection of methods that perform database operations on tables pertinent to
DMS Control. The class is constructed with a DBConnectionManager object, which
manages database connections. Methods exist to insert and delete DMS objects from the
database, and to get and set their configuration and status information. All information
about a sign is persisted, including its current displayed message, communications status,
and time of last contact, so that a momentary glitch or restart of the software will not
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interrupt messages on signs.

.1.21 DMSControlModule (Class)

The DMSControlModule class is the service module for the DMS devices and a DMS
factory. It implements the ServiceApplicationModule interface. It creates and serves a
single DMSFactoryImpl object, which in turn serves zero or more Chart2DMSImpl objects.
It also creates DMSControlDB, DictionaryWrapper, DMSControlModuleProperties, and
PushEventSupplier and NotificationChannel objects.

.1.22 DMSControlModuleProperties (Class)

The DMSControlModuleProperties class is used to provide access to properties used by the
DMS Control Module. This class wraps properties that are passed to it upon construction.
It adds its own defaults and provides methods to extract properties specific to the DMS
Control Module.

.1.23 DMSFactory (Class)

The DMSFactory class specifies the interface to be used to create DMS objects within the
Chart II system. It also provides a method to get a list of DMS devices currently in the
system.

.1.24 DMSImpl (Class)

This abstract class implements the DMS interface. It provides methods to configure and
control DMS objects in CHART. This class was added in R3B3, when the concept of
external DMSs was added to CHART. The DMSImpl class is the base class for both
Chart2DMSImpl and ExternalDMSImpl, and provides methods shared by these two classes.

.1.25 DMSTravinfoMsg (Class)

This class holds information necessary to put traveler information messages (containing
travel times and/or toll rates) on DMSs. Each TravelerInfoMsg contains the ID for the
template, and the IDs of the routes to use, as configured for its specific DMS. Each
TravelerInfoMsg can be enabled or disabled. The DMSControlModule will ensure that a
maxiumum of one TravelerInfoMsg is enabled at a time.

.1.26 DMSTravinfoMsgDataSupplier (Class)

This interface provides data for travel routes used in a DMSTravinfoMsg. It will be used to
substitute the template tags with route-specific data, in order to format the template and
produce MULTT. This is needed in the GUI for true display, and is needed in the server for
formatting messages to send to a DMS. The routeNum parameter corresponds to route
numbers contained in the template data tags, and it is a 1-based index. These methods will
throw an exception if the requested data is not available.
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.1.27 DMSTravinfoMsgHandler (Class)

This class implements DMSTravinfoMsgDataSupplier interface. Class will provide data
for travel routes used in a DMSTravInfoMsg. It will be used to substitute the template tags
with route-specific data, in order to format the template and produce MULTI. This is
needed in the GUI for true display, and is needed in the server for formatting messages to
send to a DMS. The routeNum parameter corresponds to route numbers contained in the
template data tags, and it is a 1-based index. These methods will throw an exception if the
requested data is not available.

.1.28 DMSTravinfoMsgTemplateModel (Class)

This class contains functionality for formatting and modelling DMS message templates.
During initialization a model of pages, rows, and elements (including the template tags) is
constructed. MULTI fragments (the MULTI outside of the template tags) are stored so that
they can be carried to the formatted MULTI. The tags can also be queried from the model,
which can be used to figure out what data will be required for each route by the template.

.1.29 ExternalDMS (Class)

The ExternalDMS class extends the DMS interface and defines a more detailed interface to
be used in manipulating the External DMS objects within CHART.

.1.30 ExternalDMSFactory (Class)

The ExternalDMSFactory interface extends the DMSFactory interface.. This factory
creates ExternalDMS objects (extensions of DMS objects).

.1.31 ExternalDMSFactorylmpl (Class)

This class implements the ExternalDMSFactory interface. It provides the interface to create,
remove and list ExternalDMS objects in CHART mirroring the data from external agencies.

.1.32 ExternalDMSImpl (Class)

This class implements the External DMS interface. It provides the interface to ExternalDMS
objects in CHART.

.1.33 FP9500DMS (Class)

The FP9500DMS class extends the Chart2DMS interface and defines a more detailed
interface to be used in manipulating FP9500 models of DMS signs. It is exemplary of
potentially a whole suite of subclasses specific to a specific brand and model of sign for
manufacturer-specific DMS control. For instance, the FP9500DMS has a performPixel Test
method, which knows how to invoke and interpret a pixel test as supported by the FP9500
model DMS.
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5.4.1.1.34 FP9500DMSImpl (Class)

The FP9500DMSImpl class provides a specific implementation to implement the
FP9500DMS interface, providing any specific functionality unique to this brand and model
of sign. This class is exemplary of a whole suite of implementation classes which may be
created, on a case-by-case basis, to support specific capabilities of speciifc brands and
models of signs.

5.4.1.1.35 FP9500DMSStatus (Class)

The FP9500DMSStatus class provides additional storage for status information unique to
the FP9500 model of sign. It is exemplary of potentially a whole suite of Chart2DMSStatus
subclasses specific to a specific brand and model of sign.

5.4.1.1.36 GeolLocatable (Class)
This interface is implemented by objects that can provide location information to their
users.

5.4.1.1.37 HARMessageNotifier (Class)

The HARMessageNotifier class specifies an interface to be implemented by devices that
can be used to notify the traveler to tune in to a radio station to hear a traffic message being
broadcast by a HAR. A HARMessageNotifier is directional and allows users of the device
to better determine if activation of the device is warranted for the message being broadcast
by the HAR. This interface can be implemented by SHAZAM devices and by DMS
devices which are allowed to provide a SHAZAM-like message.

5.4.1.1.38 java.util.Properties (Class)

The Properties class represents a persistent set of properties. The Properties can be saved to
a stream or loaded from a stream. Each key and its corresponding value in the property list
is a string. A property list can contain another property list as its "defaults"; this second
property list is searched if the property key is not found in the original property list.
5.4.1.1.39 java.util.Timer (Class)
This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.
5.4.1.1.40 java.util.TimerTask (Class)
This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.4.1.1.41 PolIDMSTask (Class)

The PolIDMSTask class is responsible for polling all the DMS devices. This class
implements the java.util. TimerTask interface, and as such it contains one method, run(),
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which is invoked by Java timer object on a regularly scheduled basis. This class contains a
reference to the Chart2DMSFactorylmpl, which is called upon to request each DMS to poll
itself (its poll interval has expired) each time this task is called.

.1.42 PortLocator (Class)

The PortLocator is a utility class that helps one to connect to the port used by the device.
The actual implementation of the operations is done by the derived classes depending on
what protocol is used for communication.

.1.43 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

.1.44 QueueableCommand (Class)

A QueueableCommand is an interface used to represent a command that can be placed on a
CommandQueue for asynchronous execution. Derived classes implement the execute
method to specify the actions taken by the command when it is executed. This interface
must be implemented by any device command in order that it may be queued on a
CommandQueue. The CommandQueue driver calls the execute method to execute a
command in the queue and a call to the interrupted method is made when a
CommandQueue is shut down.

.1.45 RecoveryTimerTask (Class)

This Timer Task runs on a regular basis (on the order of every 15-30 seconds) during the
life of the process. During normal operations, this task's sole purpose is to write a
timestamp to a file each time it is called. This timestamp file serves to provide, to an
approximation as accurate as its frequency of invocation, when the DMSService last went
down, an essential piece of information for recovery during DMSService startup. When the
DMSService has recently started up, this Task, in addition to maintaining an up-to-date
timestamp in the timestamp file, also calls a method in the Factory (checkDMSRecovery)
which requests all DMS objects to check and see if their recovery period has expired. (The
recovery period is defined to be their poll interval times a system-wide multiplier (expected
to be 2), or, if the DMS has no poll interval, a system-wide constant (on the order of 10-15
minutes.) Each DMS, therefore terminates its recovery period independently of the others.
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(When all DMSes have terminated their recovery period, checkDMSRecovery is no longer
called.)

When each DMS checks its own recovery time, if it finds that it has just now exceeded the

recovery period, it calls its MessageQueue to take one last try at resolving traffic events on

its queue, then the DMS makes final a determination as to what message (or blank) belongs
on the sign, and it requests the DMS to set the sign appropriately.

.1.46 ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
ChartlI service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

.1.47 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking ServiceApplication to perform actions such as object creation and publication.

.1.48 SetDMSMessageFromQueueCmd (Class)

The SetDMSMessageFromQueueCmd class is a QueueableCommand subclass which
contains data necessary to send a request to a Chart2DMSImpl to put a message on the sign
during normal operations (online mode). It is created by the Chart2DMSImpl during
successful processing of its setMessageFromQueue and evaluateQueue methods. When the
CommandQueue invokes the execute method of this class, it merely calls the
setDMSMessageFromQueuelmpl method of the appropriate Chart2DMSImpl object with
the data stored within this class.

1.49 SharedResource (Class)

The SharedResource interface is implemented by any object that may have an operations
center responsible for the disposition of the resource while the resource is in use.

.1.50 SharedResourceManager (Class)

The SharedResourceManager interface is implemented by classes that manage shared
resources. Implementing classes must be able to provide a list of all shared resources under
their management. Implementing classes must also be able to tell others if there are any
resources under its management that are controlled by a given operations center. The
shared resource manager is also responsible for periodically monitoring its shared resources
to detect if the operations center controlling a resource doesn't have at least one user logged
into the system. When this condition is detected, the shared resource manager must push an
event on the ResourceManagement event channel to notify others of this condition.
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5.4.1.1.51 TravelRouteConsumer (Class)

This interface allows other CHART objects to register as a direct consumer of travel route
statistical data. It provides operations for the travel route to call when the travel time or toll

rate for the route is updated. A DMS registers as a TravelRouteConsumer when a

TravelerInfoMsg is enabled.

5.4.1.1.52 TravinfoMsgSchedWatcherTask (Class)

5.4.1.1.53 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.

5.4.1.2 DMSControlClassDiagram-ExternalDMS (Class Diagram)

This class diagram shows the relationship between classes that implement the ExternalDMS

functionality.
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Figure 5-97 DMSControlClassDiagram-External DMS (Class Diagram)

5.4.1.2.1

Chart2DMS (Class)

The Chart2DMS class extends the DMS interface and defines a more detailed interface to
be used in manipulating the CHART-specific DMS objects within CHART. It provides an
interface for traffic events to provide input as to what each traffic event desires to be on the
sign via the ArbitrationQueue interface. Through the HARMessageNotifier interface, a
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HAR can use a DMS to notify travelers to tune in to a radio station to hear a traffic
message. CHART business rules include concepts such as shared resources, arbitration
queues, and linking device usage to traffic events. These concepts go beyond industry-
standard DMS control. This includes an ability to enable and disable CHART traveler
information messages, which were added in R3B3.

5.4.1.2.2 Chart2DMSImpl (Class)

The Chart2DMSImpl class provides an implementation of the Chart2DMS interface, and by
extension the DMS, SharedResource, HARMessageNotifier, CommEnabled, GeoLocatable,
ArbitrationQueue and Uniquelyldentifiable interfaces, as specified by the IDL.

This class contains a CommandQueue object that is used to sequentially execute long
running operations (field communications to the device) in a thread separate from the
CORBA request threads, thus allowing quick initial responses. The Chart2DMSImpl also
contains a MessageQueue, which is used by the ArbitrationQueue interface methods to
handle requests from TrafficEvents to display or remove messages from the signs in online
mode. When the Chart2DMSImpl evaluates its messages in the MessageQueue, it
combines the highest priority messages into a single message which is placed into an
appropriate QueueableCommand object (subclass of QueueableCommand) and added to the
CommandQueue.

Also contained in this class are Chart2DMSConfiguration and Chart2DMSStatus objects
(used to store the configuration and status of the sign), and a Chart2DMSData object (used
to store internal status information which is persisted but not pushed out to clients), a list of
ArbQueueEntry objects from the MessageQueue that are currently active on the sign, and a
copy of the last QueueableCommand to put a message on the sign.

The Chart2DMSImpl contains *Impl methods that map to methods specified in the IDL,
including requests to put a message on the sign or remove a message (in maintenance mode
only), put the sign online, put the sign offline, put the sign in maintenance mode, or to
change (set) the configuration of the sign. All of these requests require (or potentially
require) field communications to the device, so each request is stored in a specific subclass
of QueueableCommand and added to the CommandQueue. The queueable command
objects simply call the appropriate Chart2DMSImpl method as the command is executed by
the CommandQueue in its thread of execution.

The Chart2DMSImpl also contains methods called by the Chart2DMSFactory to support
the timer tasks of the DMS Service: to poll the DMS devices, to look for DMS devices with
communications timeout exceeded, to look for maintenance mode DMS devices with no
one logged in at the controlling operations center, and to initiate recovery processing if
needed.

5.4.1.2.3 DMS (Class)

The DMS class defines an interface to be used in manipulating Dynamic Message Sign
(DMS) objects within Chart II. It specifies methods for setting messages and clearing
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messages from a sign (in maintenance mode), polling a sign, changing the configuration of
a sign, and resetting a sign. (Setting messages on a sign in online mode are not
accomplished by manipulating a DMS directly; that is accomplished by manipulating traffic
events, which use an ArbitrationQueue interface or by manipulating HARs, which use a
HARMessageNotifier interface. This activity involves the DMS extension, Chart2DMS,
which defines interactions with signs under Chart II business rules.)

5.4.1.2.4 DMSControlModule (Class)

The DMSControlModule class is the service module for the DMS devices and a DMS
factory. It implements the ServiceApplicationModule interface. It creates and serves a
single DMSFactorylmpl object, which in turn serves zero or more Chart2DMSImpl objects.
It also creates DMSControlDB, DictionaryWrapper, DMSControlModuleProperties, and
PushEventSupplier and NotificationChannel objects.

5.4.1.2.5 DMSControlModuleProperties (Class)

The DMSControlModuleProperties class is used to provide access to properties used by the
DMS Control Module. This class wraps properties that are passed to it upon construction.
It adds its own defaults and provides methods to extract properties specific to the DMS
Control Module.

5.4.1.2.6 DMSImpl (Class)

This class implements the DMS interface. It provides methods to configure, control DMS
objects in CHART

5.4.1.2.7 ExternalDMS (Class)

The ExternalDMS class extends the DMS interface and defines a more detailed interface to
be used in manipulating the External DMS objects within CHART.

5.4.1.2.8 ExternalDMSFactory (Class)

The ExternalDMSFactory interface extends the DMSFactory interface.. This factory
creates ExternalDMS objects (extensions of DMS objects).

5.4.1.2.9 ExternalDMSFactorylmpl (Class)

This class implements the ExternalDMSFactory interface. It provides the interface to create,
remove and list ExternaDMS objects in CHART mirroring the data from external agencies.

5.4.1.2.10 ExternalDMSImpl (Class)

This class implements the ExternalDMS interface. It provides the interface to ExternalDMS
objects in CHART
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5.4.1.3 QueueableCommandClassDiagram (Class Diagram)

This class diagram shows the classes derived from QueueableCommand necessary for DMS
Control. A class exists for each type of command that can be executed asynchronously on a
DMS object.
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Figure 5-98 QueueableCommandClassDiagram (Class Diagram)

5.4.1.3.1 BlankDMSCmd (Class)

The BlankDMSCmd class is a QueueableCommand subclass which contains data necessary
to send a request to a Chart2DMSImpl to blank the sign in maintenance mode. It is created
by the Chart2DMSImpl during successful processing of its blankSign and
deactivateHARNotice methods. When the CommandQueue invokes the execute method of
this class, it merely calls the blankSignImpl method of the appropriate Chart2DMSImpl
object with the data stored within this class.

5.4.1.3.2 BlankDMSFromQueueCmd (Class)

The BlankDMSFromQueueCmd class is a QueueableCommand subclass which contains
data necessary to send a request to a Chart2DMSImpl to blank the sign during normal
operations (online mode). It is created by the Chart2DMSImpl during successful
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processing of its evaluateQueue method. When the CommandQueue invokes the execute
method of this class, it merely calls the blankSignFromQueuelmpl method of the
appropriate Chart2DMSImpl object with the data stored within this class.

5.4.1.3.3 EnableTravinfoMsgCmd (Class)

The EnableTravInfoMsgCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to activate Travel Info Message a message
on the sign. It is created by the DMSTravInfoHandler during setTravinfoMsgEnabledFlag
call.

5.4.1.3.4 PolIDMSNowCmd (Class)

The PolIDMSNowCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to poll its device. It is created by the
Chart2DMSImpl during successful processing of its pollNow method in maintenance mode
(triggered by a user request) or during processing of the polllfNecessary method (triggered
by the automatic polling of the PolIDMSTask object). When the CommandQueue invokes
the execute method of this class, it merely calls the pollNowImpl method of the appropriate
Chart2DMSImpl object with the data stored within this class.

5.4.1.3.5 PutDMSInMaintModeCmd (Class)

The PutDMSInMaintModeCmd class is a QueueableCommand subclass which contains
data necessary to send a request to a Chart2DMSImpl to put the sign in maintenance mode
(from either offline or online mode). It is created by the Chart2DMSImpl during successful
processing of its putlnMaintMode method. When the CommandQueue invokes the execute
method of this class, it merely calls the putinMaintModeImpl method of the appropriate
Chart2DMSImpl object with the data stored within this class.

5.4.1.3.6 PutDMSOnlineCmd (Class)

The PutDMSOnlineCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to put the sign online (from either offline
or maintenance mode). It is created by the Chart2DMSImpl during successful processing
of its putDMSOnline method. When the CommandQueue invokes the execute method of
this class, it merely calls the putDMSOnlineImpl method of the appropriate
Chart2DMSImpl object with the data stored within this class.

5.4.1.3.7 QueueableCommand (Class)

A QueueableCommand is an interface used to represent a command that can be placed on a
CommandQueue for asynchronous execution. Derived classes implement the execute
method to specify the actions taken by the command when it is executed. This interface
must be implemented by any device command in order that it may be queued on a
CommandQueue. The CommandQueue driver calls the execute method to execute a
command in the queue and a call to the interrupted method is made when a
CommandQueue is shut down.
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5.4.1.3.8 ResetDMSCmd (Class)

The ResetDMSCmd class is a QueueableCommand subclass which contains data necessary
to send a request to a Chart2DMSImpl to put reset the sign (in maintenance mode only). It
is created by the Chart2DMSImpl during successful processing of its resetController
method. When the CommandQueue invokes the execute method of this class, it merely
calls the resetControllerImpl method of the appropriate Chart2DMSImpl object with the
data stored within this class.

5.4.1.3.9 SetDMSConfigCmd (Class)

The SetDMSConfigCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to update its configuration (in
maintenance mode only). It is created by the Chart2DMSImpl during successful processing
of its setConfiguration method. When the CommandQueue invokes the execute method of
this class, it merely calls the setConfigurationImpl method of the appropriate
Chart2DMSImpl object with the data stored within this class.

5.4.1.3.10 SetDMSMessageCmd (Class)

The SetDMSMessageCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to put a message on the sign in
maintenance mode. It is created by the Chart2DMSImpl during successful processing of its
setMessage and activateHARNotice methods. When the CommandQueue invokes the
execute method of this class, it merely calls the setMessageIlmpl method of the appropriate
Chart2DMSImpl object with the data stored within this class.

5.4.1.3.11 SetDMSMessageFromQueueCmd (Class)

The SetDMSMessageFromQueueCmd class is a QueueableCommand subclass which
contains data necessary to send a request to a Chart2DMSImpl to put a message on the sign
during normal operations (online mode). It is created by the Chart2DMSImpl during
successful processing of its setMessageFromQueue and evaluateQueue methods. When the
CommandQueue invokes the execute method of this class, it merely calls the
setDMSMessageFromQueuelmpl method of the appropriate Chart2DMSImpl object with
the data stored within this class.

5.4.1.3.12 TakeDMSOfflineCmd (Class)

The TakeDMSOfflineCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to put the sign offline (from either online
or maintenance mode). It is created by the Chart2DMSImpl during successful processing
of its takeOffline method. When the CommandQueue invokes the execute method of this
class, it merely calls the takeOfflinelmpl method of the appropriate Chart2DMSImpl object
with the data stored within this class.
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5.4.1.3.13 UpdateTravinfoMsgCmd (Class)

TheUpdateTravinfoMsgCmd class is a QueueableCommand subclass which contains data
necessary to send a request to a Chart2DMSImpl to activate Travel Info Message a message
on the sign. It is created by the DMSTravInfoHandler during checkMessage call.
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5.4.2 Sequence diagrams

5.4.2.1 CHART2DMSImpl:validate (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl object responds to request validate
DMSTravIinfoMsgHandler. This method return true if ArbQueueEntryKey passed in exist
in one of the DMSTravinfoMsgHandlerobjects owned by this Chart2DMSImpl.

} Chart2DMSImpl

vaildate(ArbQueueEntryKey ) ———>

if (ArbQueueEntryKey == travinfoHandler.m_arbQueueEntryKey)

return true

[ * each travinfoHandler in
DMSTravInfoHandlerListt]

return false

Figure 5-99 CHART2DMSImpl:validate (Sequence Diagram)
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5.4.2.2 Chart2DMSFactorylmpl:checkTravinfoMsgSchedule (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl checks
TravinfoMsgSchedule.Timer calls run() on TravinfoMsgSchedWatcherTask with call
checkTracInfoMsgSchedEnabled on each DMS.

Chart2DMSF actorylmpl

java.util.Timer

CHART2DMSImpl

—checkTravInfoMsgShedule()—p
[ * for each
DMS |
e -

[* for each
DMSTravinfoMsgHandler | ~*
-

-

\

-,
-

-
z 1

heckTravinfoMsgShedule()——p}

DMST ravinfoMsgHandler

check its schedule( it may be using global schedule

computeTravlnfoScheduleEnabled()
or it may have iys own) and return correct boolean

see computeTravInfoMsgSchec.‘uIe
diagram

3

[bool enabled =
4 computeT ravinfoMsgSchedEnabled()]

-7 L—setScheduleEnabledF lag(enabled)——pt
_[m_scheduleEnabled is changed]—

If the new incoming enabled
value is different from original
m_scheduleEnabled value,
call checkMessage

checkMe:

see checkMessage

diagram

ge()

Figure 5-100 Chart2DMSFactorylmpl:checkTravinfoMsgSchedule (Sequence Diagram)
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5.4.2.3 Chart2DMSImpl:RouteUpdate (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl object responds to request update
routes status data.The requesting operator must have Chart2System right.This diagram

include calls to RouteTravel TimeStatsUpdated, RouteTollRateStatsUpddated,
RoteUpdateCompleted amd RouteConfigUpdated methods on Chart2DMSImpl.

TravelRoute

| CHART2DMSImpl

TokenManipulator

| OperationsLog

| DMSTravinfoHandler |

RouteT ravelTimeUpdat () ———

heckAccess|()-

[ no right:

[no rights]

'AccessDenied

[* for each
DMST ravinfoHandler

log |

handleT ravelTimeStatusUpdate(;

RouteTolIR: Jpdate(
.checkAccess ()m—
[ no right:
[no rights] log ]
'AccessDenied
handeTollR: Jpdate()
RouteUpdateCq
-checkAccess ()——
[ no rights]
[no rights] log ™1
"AccessDenied H
'

RouteDisplay ConfigUpdat €( jm———————————ppy

randleRouteUpdateC

-checkAccess()——>)
[ no rights]
log

[no rights]

AccessDenied

a—]
CheckMessage()
«—

B

handieDisplay ConfigUpdate()

——
checkMessage()

Figure 5-101 Chart2DMSImpl:RouteUpdate (Sequence Diagram)

lupdateRouteStatus()

—
updateRouteStatus()
e——
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5.4.2.4 Chart2DMSImpl:addDMSTravinfoMsg (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to add
TravinfoMsg to DMS TravinfoMsg config. Requesting operator must have proper
functional rights.

X

Chart2DMS TokenManipulator OperationsLog DMSControlDB PushEventSupplier
operator

| __addDMSTravinfoMsg
(token, dsmTravinfoMsg)

——checkAccessRights ()—> [ no rights | Not diagrammed. Include tests for:
sl template matches sign size.
norights]______& T
AccessDenied | 000 ey
throw ;
CHART2Exception vahdateTravInfoMsg(dmsTravInfoMsg)

- pushNeeded = tru IdentifierGenerator
createldentifier()
[dmsTravinfoMsgld]

addToList(dmsTravInfoMsF)
" DMSTravinfoHandler
creale

autTravInfoMsgConfig(TravIﬁfoMsgConfig )
throw,

- |
GHART2Exception 27 RollBack if db operation failed | pushNeeded = false %

[pushNeededf

push(DMSTravinfoMsgConfigChanged)

Figure 5-102 Chart2DMSImpl:addDMSTravIinfoMsg (Sequence Diagram)
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5.4.2.5 Chart2DMSImpl:computeTravinfoMsgSchedEnabled (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl checks the DMS's schedule(it may
be using global schedule or it have its ouwn), compare to current time of the day, and return

the correct boolean.

CHAHTZDMSIméI

checkTravinfoMsgSchedule()

m_overrideDefault Schedule == true
Custom Schedule
m_useCustomSchedule == false
Default Schedule

m enabledSpecificTimes == true
Enable during specific time
m_enabledSpecificTimes == false
Enabled 24/7

|—computeT ravinfoMsgSchedEnabled(enabled)—p

{m_overrideDe

L—m_enabledSpecificTimes = true]

[needT oRun(customSchedulef] )
\&—els

[ true]

ffase}

edule =

W

[ true]

.4 Custom Schedule AN
-

Enable during specific time

Compare current time to
m_customSchedule: HHMIMRange[]
if(current time in range)

return true, otherwise false

ne

[true]

Enabled 24/7 [N

Default Schedule

Compare current time to

m customSchedule: HHMMRange[]
from properties file

if (current time in range)

return true, otherwise false

Figure 5-103 Chart2DMSImpl:computeTravinfoMsgSchedEnabled (Sequence Diagram)
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5.4.2.6 Chart2DMSImpl:modifyDMSTravinfoMsg (Sequence Diagram)

X

operator

modifyDMST ravinfoMsg
(token, dsmTravlnﬂoMsg)9

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to modify

TravinfoMsg in DMS TravinfoMsg config. Requesting operator must have proper

functional rights.

Chart2DMSIm| Q{|

TokenManipulator

OperationsLog |

——checkAccessRights()—>}

DMSControlDB

PushEventSupplier

els

—_
save travinfoMsg to memory
- — |

[ no rights |
log
P— [no rights]_____]
AccessDenied
validateTravlnfoMs?(dsmTravlnloMsg)
T I find dmsTravinfoMsg
travinfoMsg = getTravinfoMsg(dmsTravinfoMsg) in travinfoMsglList by travinfoMsgld
[ throw [travinfoMsg is null]
CHART 2Exception |

_--- modfy dmsTravinfoMsg [\

set TravinfoMsgConfig(m_msgConfig)

[throw. .
‘CHART 2Exception] RolBack if db Io_perahon failed

[pust )

pushNeeded = false 5

pudh(DMST ravinfoMsgConfigChanged)

Figure 5-104 Chart2DMSImpl:modifyDMSTravInfoMsg (Sequence Diagram)
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5.4.2.7 Chart2DMSImpl:removeDMSTravinfoMsg (Sequence Diagram)

operator

removeDMSTravinfoMsg_s,

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to remove
TravinfoMsg from DMS TravinfoMsg config. Requesting operator must have proper

functional rights.

| Chart2DMSImpl

TokenManinu\mor!

OperationsLog | | DMSOonIro\DB|

{token, Identifier)

[no rights]

AccessDenied

}——checkAccessRights () —3)

[ no rights ]

PushEventSupplier |

log

dmsTravinfoHandler = getDmsTravinfoMsgHandler(Identifier)

|

throw
InvalidState

—[userEnabled AND schedEnabIed]_|

pushNeeded = true

S

tUserEr

DMST ravinfoHandler}

tTravir

onfig(Travinfol

—[pushNeeded]-l

1
RollBack if db operation failed

[throw_ o
CHART2Exception] Pl LT .. pushNeeded = false 5

P

sgConfig) m—

push (DMSTravInfoMsgRemoved)

Figure 5-105 Chart2DMSImpl:removeDMSTravinfoMsg (Sequence Diagram)
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5.4.2.8 Chart2DMSImpl:routeDeleted (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl object responds to request route
deleted. This method will set the roteld in any TravelerInfoMsg to NULL identifier and
also in any relatedRoutes in TravelerInfoMsgConfig.

o

Chart2DMSImpl

TravelRouteModule

routeDeleted(routel D)——

[routelD = routeList[i]]

IdentifierGenerator

| DMST ravinfoHandler|

PushEventSupplier

[routeList[i] = createNullldentifier]——>

[ *for each + i
TravinfoMsg ] [ lorrgac L"sotl]"e n

updateTravinfoMsg(travinfo

Msg]i])j————"
[m_travinfoMsgConfig is active]

r ]
checkMessage|

L—[pushNeeded = Irue]:l

[ relatedRoutesVector = new vector(relatedRoutes)]

java. util. Vector
[routelD = relatedRoutesVector[i]
[relatedRoutes|i] = createNullldentifier]——}
[ * for each
relatedRoutesVector | remove(routeld from vector)
[pushNeeded = true]
€----— | relatedRoutes = relatedRoutesVector.toArray()-====-
[pushNeeded]l
-push(DMSTravInfoMsgConfigChangedt

Figure 5-106 Chart2DMSImpl:routeDeleted (Sequence Diagram)
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5.4.2.9 Chart2DMSImpl:setQueuelevels (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to change the
set QueuLevels on configuration of a DMS.

;0:
operator

(token,

Chart2DMSImpl|

setQueuelevels

travel TimeQueueLevel
tollIRateQueueLevel)

[no rights]

okenl\/bnigulat04 | OperationsLog

AccessDenied

tollRateQueuelevel to

pushNeeded = true

,,,,,,, b ettt

[i

f pushNeeded]

——checkAccessRights )——>|

save_travelTimeQueuelevel and

setTravinfoMsgConfig(T ravinfoMs gConfig)———»

ollBackif dbjo.p_e_'fgff_ffl_lf? pushNeeded = fa se5

[ no rights |

PushEventSupplier

change m travinfoMsgConfig:

_______ m_tollRateQueueLevel = tolIR

m_travelTimeQueuLevel = travel TimeQueuLevel
ateQueulLeve

memory ___--""

———————— DMSControl DB

push (DMST ravinfoMsgConfigChanged

Figure 5-107 Chart2DMSImpl:setQueueLevels (Sequence Diagram)
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5.4.2.10 Chart2DMSImpl:setRelatedRoutes (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to set
RelatedRoutes in DMS TravinfoMsg config.Requesting operator must have proper
functional rights.

Char2DMSimpl

DMSControlDB PushEventSupplier

| OperationsLog

TokenManipulator]
operator
elatedP
(token, dentiuerLis}
checkAccessRights (J}——3} [norights ]
Ino rights]. log
cessDenied
fhrow. .
CHART2Excaprion] ¢ List()
—
save WenifierListto memory
—
F—lrouteListi] = dentiuerList]
[or each
rou«ium]
__ lrow_______1
[€----crAmr:
pushNeeded = true
setm_relatedRoutes = dentiferList
fTray onfig(m_msgC
wrow | Fmmmeee | pushNeeded =false L
<""C'H7aTR‘T2Exce’;ﬁEn']“" RoliBack ifdb operation failed" =|
wfpushNeededlj
push (DMSTr onfigGl

Figure 5-108 Chart2DMSImpl:setRelatedRoutes (Sequence Diagram)

CHART R3B3 Detailed Design 5-141 12/23/2008



5.4.2.11 Chart2DMSImpl:setTravinfoMsgEnabledFlag (Sequence Diagram)

This Sequence Diagram shows how a DMSTravinfoMsgHandler responds to request set
TravellnfoMsg enabled flag. The requesting operator must have proper functional rights.
This method calls setUserEnabled on all DMSTravinfoMsgHandler objects, if
DMSTravinfoMsgHandler was enabled DMSTravinfoMsgHandler call each its routes
removeConsumer method. Then its construct an EnableTravinfoMsgCmd and queue on
DMSImpl own CommandQueue

} ‘ CHART2DMSImpl TokenManipulator DMSTravinfoHandler OperationsLog
ORB ] for
m_status.enabledTravinfoMsgID
setTravinfoMsgEnabledFlag: S DMSTravinfoHandler
travinfoMsgld, flag) checkAccess() >

[no rights].
AccessDenied

[ no rights]
og

validate()

return

log(token, "<user> (enabled or disabled) <named Trav Info Msg> on DMS <name>")

getDmsTravinfoMsg(travinfoMsgid)
|

if (flag = true AND
travinfoMsgld =
mﬁs(a\us.enabled'ﬂa InfoMsgID)

| it m_useOvewriteDefaultSchedule = true
{acive handler} and m_scheduleEnabled = true

.| s€e Execute
~"___[DMSTravinfoHandler e diagram
= enabled] -

>\} EnabledTravinfoCmd

O

(flag = false AND

travinfoMsgld !=
m_status.enabledTravinfoMsgID)
then status is already the way
the user requested, so just do
nothing and return.

etUserEnabledifalse)

create()

CommandQueue
-addCommand(EnabledTravinfoCmd)

PushEventSupplier
DMSTravinfoHandler AN
1 fortravinfoMsgid
else DOMSTravnfoHandier see Exeoute CommandQueue
diagram executes commands

asynchronously

etUserEr

J‘ EnabledTravinfoCmd

CommandQueue

create()

——addCommand(EnabledTravinfoCmd)—

delete

push(DMSTravinfoMsgChanged)

Figure 5-109 Chart2DMSImpl:setTravinfoMsgEnabledFlag (Sequence Diagram)
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5.4.2.12 Chart2DMSImpl:setTravelTimeSchedule (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to change the
set TrvelTimeSchedule on configuration of a DMS.

operator

setTravelTimeSchedule

useSpecificTime,
ranges])

[no rights]

i I@

(ovenideDefaultSchedule,)

AccessDenied

l¢- - - Irange not valid]
throw
CHART2Exception

throw
I<---CHART 2Exception--g

[i

be”
------- validateRan?es(ranges[])

save value to memory

pushNeeded = true

olIBack if db operation failed
v

TokenManieuIator

—setT ravinfoMsgConfig(travinfoMs gConfig)—21

1
!PushEventSuDDIieIr

| OperationsLoq!
T

- should validate (for each range)..
-1 0 <= hrs < 24, 0 <= mins < 59,
- startTime < stopTime

[ no rights ]

log
DMSControlDB

t

change m travinfoMsgConfig:
m_overrideDefaultSchedule = overrideDefaultSchedule
m useSpecificTime = useSpecificTime
m_customSchedule = range

________ - pushNeeded = false DN

'
If pushNeeded]

PE—

Figure 5-110 Chart2DMSImpl:setTravelTimeSchedule (Sequence Diagram)

push (DMST ravinfoMsgConfigChanged
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5.4.2.13 DMSControlModule:FmsGetConnectedPort (Sequence Diagram)

This sequence diagram shows how a DMSImpl object gets a connected port. This method
is called from several other methods in the DMS service. A modem port is obtained from
the ModemPortLocator object. On failure, a call is made to the helper method
handleOpStatus to deal with the case where the operational status has changed. The
command status is either updated or completed during the call to the ModemPortLocator
object based on a flag passed into this method.

DMSImpl

DMSImpl

fmsGetConnectedPort(priority.desc. y
cmdStat,complete)

CommandStatus|

| PortLocator

-getConnectedPort(cmd

[failure]

[failure’

4 PortLocator completes or updates
4 CommandStatus on failure as requested.

. : See DeviceUtility/PortLocator.getConnectedPort
Stat, complete)j—t

and PortLocator:getConnectedPort2

sequence diagrams for details.

[This PortLocator could either be FMSPortLocatol
or TCPPortLocator ] |

"~ Updates and pushes new
DMSStatus if necessary

Figure 5-111 DMSControlModule:FmsGetConnectedPort (Sequence Diagram)
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5.4.2.14 DMSControlModule:FmsReleasePort (Sequence Diagram)

This helper method releases an FMS port which is no longer needed. It disconnects the port
first, then calls the PortLocator to release it. Errors are logged, but not reported, as the port
will be released or reclaimed in any case, and errors relating to releasing a port would mask

an otherwise successful status or more a useful error status.

RaB3: DataPorWrapperis new. All calls (o the Port
will 9o tho the dataportwrapper. Al other fmsX XX
methods should do the same:

DataP ortWrapper

FUSC: ortinio PorLocator CommandStatus Pot
Char2DMSImpl | | | | | | | | | — |

fmsReleaseP orconnP rtinlo, >
desc,cmdSat nofify)

it roify ~tue] g por

CPPot
object TheDalaP otWrapper
cals the appropriate obiject.

Figure 5-112 DMSControlModule:FmsReleasePort (Sequence Diagram)
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5.4.2.15 DMSControlModule:HandleOpStatus (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl handles the task of detecting and
responding to changes in its operational status (whether it is in "OK", "COMM_FAILURE"
or "HARDWARE_FAILURE" status). A DMS is normally "OK", but falls into
"COMM_FAILURE" when FMS reports that it cannot communicate with the device, and
into "HARDWARE_FAILURE" when the FMS can communicate with the device but the
device or FMS is detecting some sort of hardware problem with the device itself. At this
point, HARDWARE_FAILURE and COMM_FAILURE are treated virtually identically.
This method is called, with the status reported back from FMS, after every attempt to
communicate with the device, and processing falls into one of three cases, depending on the
status reported (although the two failure cases are nearly identical).

If the device now being reported OK and it was already OK, there is no change in status,
and all that is necessary is to update the m_lastContactTime of the device. (This variable is
used to determine when to poll [see runPollDMSTask] and when to declare that a
"Communications Timeout" has occurred [see runCheckCommlLossTask].) If the status has
just become OK, this fact is logged, and the new DMSStatus is persisted and pushed out
into the event channel. The DMS is polled to determine its current status. If the device is
online, and m_needsReevaluation is true, this means an earlier attempt to set the device to
the correct condition (new message, default message) has failed since the device went
COMM_FAILED, so evaluateQueue is called to ensure that the correct message is put on
the DMS.

If the device is now being reported with a failure and the device was already in that failure
condition, there is no change in status, and nothing is done. If the status is just now
changing, this is logged, the DMSStatus is persisted and pushed out into the event channel,
and a device failure alert is created. Note that if the device has gone into
COMM_FAILURE, and it remains in this condition for the timeout period, the
CheckCommLossTask's run method will detect and handle it (see
runCheckCommLossTask). Until the timeout period expires, it is assumed that the message
is still on the sign, so no further action is taken now. If the device has gone into
HARDWARE_FAILURE, FMS is still in contact with it, and changes in status (e.g., loss of
a message) can be detected by other means, for instance, by polling (see runPolIDMSTask)

A DeviceFailure Alert is only created when the DMS transitions into
HARDWARE_FAILURE. Any future transitions into another state have no effect on the
alert.

When a comm failure is detected, a DeviceFailureAlert is created. Also Notifications are
sent when HARDWARE_FAILURE or COMM_FAILURE happens.
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Figure 5-113 DMSControlModule:HandleOpStatus (Sequence Diagram)
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5.4.2.16 DMSControlModule:Initialize (Sequence Diagram)

This Sequence Diagram shows how the DMSControlModule is started. This module is
created by a service application that will host this module's objects. A ServiceApplication
is passed to this module's initialize method and provides access to basic objects needed by
this module. This module creates a DMSFactory, which creates the known DMS objects
which have been persisted into the database. Two PushEventSupplier objects, one for
status, configuration, and existence changes and one for abandoned DMSs (active DMSs
with no one logged in at the controlling operations center), are created. In addition,
NotificationChannel and DMSControlDB objects are created.

The DMSFactory and DMS objects are published via the CORBA Trading Service to make
them available for general status updates and as candidates for control (given the proper
access rights). In addition, this service also performs regularly recurring maintenance
functions controlled by timer tasks started by this initialize method.

the DMSControlModule also creates the ExternalDMSFactory and ExternalDMS objects
that import DMS data from external agencies.
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Figure 5-114 DMSControlModule:Initialize
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5.4.2.17 DMSControlModule:RestoreDMS (Sequence Diagram)

This Sequence Diagram shows how a DMSImpl is initialized (whether being depersisted or
created from scratch). DMSProtocolHdlr, ModemPortLocator, CommandQueue, and
MessageQueue objects are created. If the DMS is being depersisted, after the
MessageQueue is depersisted, the MessageQueue method validateEntries() is called to
attempt to contact the TrafficEvent IDs on the list to validate their existence. If not in
recovery mode, this is the only chance the TrafficEvents get. If still within the recovery
mode, another attempt to contact the traffic events will be made when the recovery period is
over. This diagram also shows a summary of what happens when an entry is added to or
reprioritized in the message queue during recovery mode, and what happens when the
recovery mode period expires.
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Figure 5-115 DMSControlModule:RestoreDMS (Sequence Diagram)
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5.4.2.18 DMSControlModule:SetConfiguration (Sequence Diagram)

This Sequence Diagram shows how a Chart2DMSImpl responds to a request to change the
configuration of a DMS. The DMS must be in maintenance mode, the requesting operator
must have proper functional rights, and if there is a (maintenance mode) message on the
sign from another operations center, the user must have override authority. This method
creates a SetDMSConfigCmd (a QueueableCommand) and adds it to the DMS's
CommandQueue. The CommandQueue is required since some configuration changes
require field communications to the sign, and field communications are relatively slow and
can queue up. Requests to communicate with the sign are processed on a first-come, first-
served basis. When the CommandQueue is ready, it executes the SetDMSConfigCmd,
which calls the setConfigurationlmpl method, also shown on this diagram. When the
setConfigurationImpl method runs, it checks that the DMS is still in maintenance mode (a
previously queued command could have changed it), and that there is no resource conflict
(a previously queued command could have written a message from an operator at another
operations center). Assuming no problems, the Chart2DMSConfiguration is locked down,
and all parameters which need to change are changed. If any of these parameter changes
require communications to the sign (e.g., setting the Comm Loss Timeout in an FP9500), a
new PortLocator is created using the new parameters. Then, FMS is requested to make the
specified change(s). The method handleOpStatus handles and responds to any changes to
the operational status of the sign (OK, comms failure, or hardware failure) reported by FMS
during this operation. The new configuration is persisted and pushed into the event
channel. The requesting user is kept abreast of progress of the request all the while, via a
CommandStatus object viewable by the user.
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Figure 5-116 DMSControlModule:SetConfiguration (Sequence Diagram)
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5.4.2.19 DMSControlModule:Shutdown (Sequence Diagram)

This Sequence Diagram shows how the DMSControlModule is terminated. The
DMSControlModule is shut down by the ServiceApplication that started it. When told to
shut down, the DMSControlModule disconnects the DMSFactory from the ORB,
withdraws its offer from the trader, and shuts down the object. When the DMSFactory is
shut down, it withdraws the offers of each DMS, disconnects each DMS from the ORB, and
shuts down each Chart2DMSImpl. Chart2DMSImpl shutdown processing includes
destroying the MessageQueue and shutting down the CommandQueue. No information
needs to be persisted to the database during shutdown, as information is written to the
database as it is updated. When the ExternaDMSFactory is shutdown, it deactivates and
deletes the ExternalDMS objects from memory.

[ 1 | | ' 1 1 I | 10 | 1
!I'lM C e| \ava.um.T\merl IDMSFaC'Dr \mDI\ CharIQDMS\m%\ | POA |¥Mﬂ&%‘m&? Ex'ema\DMSFaClurylm%\Extema\DMSlm |
ServiceApplication
——cancel—
1(DM y
_object DMS)

for  F——shutown ]

each

DMS] / N

delete——, ><

R3B3:Shu

hutdown
ExternalDMSFactory —de\e‘e—>><

—\-\_deacnva!eiobject(Extema\D MSFactory )=

shutdown

le——deaclivate_object(ExternalDMS) Tor eac

extDMS]

[ 1

X

X

Figure 5-117 DMSControlModule:Shutdown (Sequence Diagram)

CHART R3B3 Detailed Design

5-154 12/23/2008



5.4.2.20 DMSImpl:setLocation (Sequence Diagram)

Operator DMSimpl

"
deviceLocaton)

[no righs
AccessDenied

|

alidateLocation ()

L

[DBError}
CHART2Excepton

m_config |DMSComm\DB

selLocaton (deviceLocal

'setlocation’

e "Any" D type DMSConfigChange

4 DMSEvent

push(" DMS Config Changed" )

PushEventSupplier]
OperationsLo

B e —

Figure 5-118 DMSImpl:setLocation (Sequence Diagram)
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5.4.2.21 DMSTravinfoMsgHandler:checkMessage (Sequence Diagram)

This Sequence Diagram shows how a DMSTravinfoMsgHandler responds to request
checkMessage. DMSTravinfoMsgHandler call checkMessage on itself. checkMessage
queues a UpdateTravinfoMsgCmd on dms queue.

DMSTravinfoHandler

checkMessage()

DMSTravinfoMsgHandler

CommandQueue

e LUpaate [ravinfolvisgbmad
creat > UpdateTravinfoMsgCmd

7addCommand(UpdateTravlnfi)Msngd)

CommandQueue
executes commands
asynchronously

execute

check yelmpl()
[m_userEnabled &&
(m_scheduleEnabled || has toll rate tag(s))]

[DMSMessage not null}
i_[m_arbQueueEntryKey is null]

OperationsLog

DMSTravinfoTemplateFormatter

——————[string DMSMessage = for }ath/ulti(travMngempI-'teConfig, this, false, true)]%

Chart2DMSImpl

-addEntry( token, level, arbQueueEntry)

else().

7addEn}ry( token, level| arbQueueEntry)

else.

maerueueEntryKe)m‘

[m_arbQueueEntryKey is not null}

Add to m_tollRateQueueLevel
if any toll rate tags present.
otherwise add to

m_travelTimeQueuelevel.

Same here, but in this case the
addEntry() is treated as an
update. If a message for the
given entry key already exists
on the queue, addEntry updates
the entry in place (preserving
where the entry has been
manually moved to, etc.).

removeEntries( token, m_arbQueueEptryKey)

log("message removed due to missing data")

[rnsé removed automatically due to missing data]

delete

Figure 5-119 DMSTravinfoMsgHandler:checkMessage (Sequence Diagram)
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5.4.2.22 DMSTravlinfoMsgDataSupplier:getData (Sequence Diagram)

This Sequence Diagram shows how a DMSTravinfoMsgDAtaSupplier object responds to
data requests for a DMS Traveler Information Message.

DMStravinfoMsgHandler TravelTimeRange

DMSTravinfoMsgTemplateModel

All those methods
f——getRouteDestinationNames (routelndex)——» return data from

m_routeStats object
< - ‘m_routeDispConfig[routeindex].destText-—---

——oetRouteTravelTimeMinutes (routelndex)—»

[stats ok and not expired]

DATA_EXPIRED]

els
routeTvITimeSec: ]

~{—getRouteTravelTimeRangeMinutes (routeindex)—%

tviTimeStats.routeTravTimeStateCode != SS_DATA OK &&
tviTimeStats. TviTimeEffTimeSecs > <expiration time>

——[stats ok and not expired]*""—‘

-~-~DATA_EXPIRED -

7 separate methods
diag! d here range]

together with range definition settings from sysytem profile

- Return range based on
getRouteLengthTenths (routeindex)———» m_routeStats[routelndex].tviTimeStats.routeTviITimeSecs,

m_routeDispConfig[routelndex].milliMiles) over 10

m_routeDispConfig[routelndex].milliMiles)/100 B‘

getRouteTollRateCents(routelndex)———

DATA_EXPIRED -t

els
S tollRateStats.routeTollRateCents-—-- ]

getTollRateTimeSecs (routelndex)———»

—[TolIRateEffTimeSecs older than now]j

—[TollRateEffTimeSecs older than now]ﬁ

DATA_EXPIRED -t

els
S tollRateStats.routeTollRateCents-—- ]

getTollRate TimeEffSecs (routelndex)——»

effTime=0

[ToliRateTimeEffSecs][i] > effTime—— Loop finds maximum
effective time over all
routes associated with

the Traveler Info Msg.

[*for each

route in msg] effTime=TollRateEffTimeSecs[i]

[effTime = 0]
DATA_EXPIRED

effTime:

Figure 5-120 DMSTravlInfoMsgDataSupplier:getData (Sequence Diagram)

CHART R3B3 Detailed Design 5-157 12/23/2008



5.4.2.23 EnabledTravinfoMsgCmd:execute (Sequence Diagram)

This Sequence Diagram shows how the EnableTravinfoMsgCmd object executes its task
when directed to run by the Java timer object.The run method of EnableTravinfoMsgCmd
calls setUserEnabled(true) on DMSTravinfoMsgHandler which calls addConsumer() on
each of its routes.

} EnabledTravinfoMsgCmd DMSTravinfoMsgHandler
CommandQueue

execute( )

setUser Enabled(flag)—————>

setUserEnabled = flag

[flag = truef

addConsumer ()

[* * for each
route |

removeConsumer ()

checkMessage()

Figure 5-121 EnabledTravinfoMsgCmd:execute (Sequence Diagram)
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5.4.2.24 ExternalDMSImpl:GetExternalConfiguration (Sequence Diagram)
This diagram shows the implementation of the GetExternalConfiguratio interface that

returns the configuration of external dms.

;‘ ): External DMSImpl TokenManipulator OperationsLog SystemToken
is allowed.

o8 T 4 ]

|_getExternal Configuration( 5
token) -V _eee-=

[no rights]
log (token, "unauth. access attempt")———2}

External DMSConfiguration

[no rights]
I€------ AccessDenied-----1

Smjr&ok%f)?%ﬁ- ) config=m_extconfig

config]

I
'
I
I
’
1]
1]
]
J

This object is always kept up to date

throug hout the life of the External DM SImpl.
All that needs to be done is to return the
existing, current ExternalDMSConfiguration
object.cast and return DMSConfiguration.

The getConfiguration method of DMSInterface will be implemented by
External DM SImpl to thrown an "unsupported” CHART2 Exception.

Figure 5-122 External DM SImpl: GetExternalConfiguration (Sequence Diagram)
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5.4.2.25 ExternalDMS:GetStatus (Sequence Diagram)
This diagram shows the sequence of getting the status of External DMS from CHART.

% ExternalDMSImpl

ORB

getStatus
ExternalDMSStatus Impl

synchronized
(m_lockStatus)
< ExternalDMSStatus=---==""1

]
1]
’
1]
’
1]
]
1]
1]
]
1]
]
1]
’
1]
’
1]
]
1]

This object is alw ays kept up to date
throughout the life of theExternalDMSImpl.

All that needs to be done is to return the
existing, current ExternalDMSStatus object.

Figure 5-123 External DMS:GetStatus (Sequence Diagram)
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5.4.2.26 ExternalDMS:RemoveDMS (Sequence Diagram)
This diagram shows the removal sequence of External DMS in CHART.

i I:lpl | ——
ExternalDMSimp| TokenManipulator

ORB

[—remove(token)=>} _
checkAccess =

Systemtokenand L
---1 CONFIGURE_DMS
tokens only.

[no rights]
[ ~AccessDenied"

log(token, "unauth.ai

moveDMS(this
[notfound]

[notfound]
[&-"Chart2Exception)

b——yithdraw=—"9"

T ] 1 T 1
ExternalDMSFactorylmg(osTrading Registgr | POA | DMSCW,D\DQ PushEveniSupplier OQeramnsLu4

no rights]
fempt o remove DMS <names")

_obj

deleteDMS (DMS ID

push (DMSD

Figure 5-124 ExternalDMS:RemoveDMS (Sequence Diagram)

log(oken, "DM:

removed")
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5.4.2.27 ExternalDMS:SetExternalConfiguration (Sequence Diagram)

This diagram shows the sequence of setting the configuration of External DMS.
9
m_externalDMSConfig DMSControlDB
ExternalDMSImpl TokenManipulator | OperationsLog |
ORB
setExternalConfiguration
token, config) - Only System Token |\
-checkAs 1) is allowed.
[no rights|
———1Iog(token, "unauth. access attempt")———
[no rights]
I&----- AccessDenied - - - -4
Set individual members _of m_extDMSConfig,
. | 5o gt menousoons. By
alidateCfg(config)
I’/
_____ linvalid configl _ ___ /
< ‘CHART 2Exception /
synchronized(
m_lockConfig)

/
—m_externalDMSConfig=conf \g—t’%
'
'
'
'
'
—
pushDMSConfig()
[DB Exception] <

€--- ‘CHART 2Exception™

ﬁdaleExtefna\DMSOonl\g(dmslD, extDMSConfi

D
log(token,"st

\
ICCESS" ) e

Persist and Push only if

something changed in the
configuration.
The SetConfiquration method of the
DMS Interface will be implemented

in ExternalDMSImpl to thrown
"unsupported” CHART 2Exception.

Figure 5-125 ExternalDMS:SetExternalConfiguration (Sequence Diagram)
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5.4.2.28 ExternalDMS:updateStatus (Sequence Diagram)

This diagram shows the sequence of updating the status of External DMS when an update is
recived from the external agency.

X

ExternalDMSimpl

TokenManipulator

ORB
|—updateStatus (token._s
extDMSStatus)

Ino rights]

l—check Access (token)

[DBError]

synchronized
lockStatus

k - - CHART2Exception- -4

m_externalDMSStatus

Only System Token AN
d!

DMSConrolDB

is allowed. J

one ata ime ifitneeds 1o be sethe

Setihe members ofm_externalDMSslalus ﬁ
e.

_externalD M

Figure 5-126 ExternalDMS:updateStatus (Sequence Diagram)

<——push("DMSSiatus changed

ID m_externalDms Stalus =3

PushEventSupplier

Persistand Pushonly if L
someting changed.
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5.4.2.29 chartlite.serviet.dms:setDMSConfigCommSettings (Sequence Diagram)

This diagrams shows the processing that occurs when a DMS is configured for TCP/IP
communications.

o

: : TSSRegHdIr DeviceUtil ;
Administrator vice ! ServietUtil

DMSConfigC ings:

+—I[config.m portLocData.m portType. equals(PortType. TCPIP
parseT CPIPParams(req, config.m_portLocData) )
FgetStringParam(req,"TCPIPAddress")

——getIntParam(req,"TCPIPPort")—m

update m_portLocData.Im_ipPortLocationData H

Figure 5-127 chartlite.servlet.dms:setDMSConfigCommSettings (Sequence Diagram)
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5.5 DMS Protocols Pkg

5.5.1 Classes

5.5.2 Sequence Diagrams

5.5.2.1 DMSProtocolsPkg:TypicalSetMessage (Sequence Diagram)

This sequence shows typical processing of a protocol handler to set the message of a DMS.
All protocol handlers have slightly different implementations due to the different protocols
being implemented, however all protocol handlers have a general goal of formatting a byte
array according to the device protocol, sending the byte array to the device, and receiving a
response from the device to determine if the command was successful. Because DMS
messages are specified in the MULTI format, part of the processing required to format a
byte array to command the DMS includes converting the MULTI message into the proper
sequence of bytes the DMS expects. The MultiConverter class helps to parse through the
MULTI tags and pull apart the message into simple pieces that the protocol handler can use
to format the byte array. Once told to parse a multi string, the MultiConverter calls back
into the parse listener (which happens to be the protocol handler in our case) as it
encounters multi tags and message text. After the protocol handler has formatted the byte
array, it sends it to the device using the DataPort interface, which may actually be a modem
or a direct connect port. After sending the command, the protocol handler reads the
response from the device and determines if the command was successful. Failures are
indicated though the use of exceptions which contain a specific reason for the failure.
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which is called back from the
MultiConverter parseMulti method.

The DMSProtocolHandler implements
the MultiParseListener interface

\

1 DMSProtocolHandler
Derived Class MultiConverter
CHART 11

DMS Object

DataPortWrapper

| DataPort |

Protocol handler lineJt
will typically store

the justification until
anew line is encountered,
at which time it may add
blanks to the front of the
text to achieve the desired
justification.

messageText.

Protocol handler will
typically store the text
in a buffer for the current
row and perform final
adjustments when a
new line is encountered.

newLin

Protocol handler will typically 5
make justification adjustments
to text on current line and place
line's text into the set message
command that will be sent to
the device.

geText

newLin

When parse is completed, B Pl
protocol handler will finalize -
any line / page that was not
explicitly terminated and copy
data into the command packet
to be sent to the device.

the command packet, adding -
checksum, trailers, etc.

Protocol handler will complete j

“gg
g

Figure 5-128 DMSProtocolsPkg: TypicalSetMessage (Sequence Diagram)

5.5.2.2 FP9500ProtocolHdIr:GetStatus (Sequence Diagram)

This sequence shows the processing involved in getting the status from the FP9500 device.
Since the device updates the pixel status information internally only during a pixel test
operation, the caller must have issued a pixel test command prior to get status operation in
order to receive the most current status from the device. During get status operation, the
Status record is downloaded from the device using the "Parameter Upload" command. Next
the lamp status and pixel status bitmaps are downloaded from the device using the "Display
Upload" command. If any of the above device commands fail due to response timeout or
response format error, a DMSProtocolHandlerException is thrown detailing the failure. On
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successful completion of all the above command sequences, the device responses are
reformatted and stored in a FP9500DMSDeviceStatus struct and returned to the caller.

Chart2 DMS
Object

FEP9500ProtocolHdir

— [timedout or bad respl_____ 1
DMSProtocolHandlerException

(Lamp status).

DataPortWrapper

send (Parameter upload command for Status Record)—=

recv (Status Record from the device)m————————>

send (Display upload command for Lamp status)—ep

R3B3: All protocolhdir methods should
use dataportwrapper from now. Use
this diagram as a sample.

]

Parameter upload command

with Block ID = 7 and Item no. =0.
Refer to Page 28 of protocol
document

~~~~~~~ Display Upload command with
Item no. = 4. Refer to Page 31 of
the protocol document.

[timedout or bad resp]
<'''DMSPm(ocoIHand\erExc:ep(\on'"

send (Display upload command for Pixel st

Refer to Page 33 of protocol
document for response format

\~\ Refer to Page 47 of protocol
~{ document for response format

.| Display Upload command with
g Item no. = 3. Refer to Page 31 of

pRie the protocol document. Ij

(Pixel status)

[timedout or bad resp]
<'''DMSProIocolHand\erExcepl\on'"

"Fill the FP9500DMSDeviceStatus
struct”

1

l€ - - - -FP9500DMSDeviceStatus - - -

Refer to Page 36 of protocol
document for response format

N

Figure 5-129 FP9500ProtocolHdIr: GetStatus (Sequence Diagram)

5.5.2.3 FP9500ProtocolHdIr:PixelTest (Sequence Diagram)

This sequence shows the processing involved in running a pixel test on the FP9500 device.
The FP9500 message selection command with Pixel test option is sent to the device. The
response from the device is trivial and indicates the successful start of the pixel test on the
sign. The caller may need to allow for a brief interval of time, before any other command is
sent to the device. This is to allow the device to run atleast one iteration of the pixel test
without interruption and compile the results of the test.
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1
Chart2 DMS FP9500ProtocolHdlr DataPortWragpe4 | DataPort |
Object
Message Selection commandB
with Pixel test option. Refer to
_______ Pages 22-23 of FP9500 protocol
getStatus— > . eer=mTTT document

end (pixel test command3

___Itimedout or bad respl ___ 1
DMSProtocolHandlerException

Figure 5-130 FP9500ProtocolHdIr:PixelTest (Sequence Diagram)

N
R3B3: All protocolhdlr methods should
use dataportwrapper from now. Use
this diagram as a sample.
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5.5.2.4 NTCIPProtocolHdIr:SetMessage (Sequence Diagram)

This sequence diagram shows the steps involved in setting a message on a NTCIP DMS

sign.

NTCIPDMSImpl

fmsSetMsqViaPort(port, dmsMsg,desc, >
I _____cmdStat,complete)

update("

[failed to set default font]
CHAR {

adjustMulti

agsCaseF orSign(mul

E

CommandStatus NTCIPProtocolHdIr

'‘communicating with sign”jy=———

tiMsg)
DataPortWrapper

-setDefaultFont( dataPortWrapper, fontNumber ) =——————————Pp|

.complete("failed"

setMessage(dataPortWrapper, muttiMsg,
‘dmsMsg. beaconState)

[T T T T 2Exception™™~ ~ ="~ "7 7T
P [failed to set line spacing]. _ _ ________J
CHART 2Exception
BAD_PARAM
 SEEEEEEEEE DMSProtocolHandlerException-======--4
eptior
handleOpStatus()
super. han atus|
—

Figure 5-131 NTCIPProtocolHdIr:SetMessage (Sequence Diagram)

-complete("failed”
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5.5.2.5 TS3001ProtocolHdIr:GetStatus (Sequence Diagram)

This sequence shows the processing involved in getting the status from the TS3001 device.
First a Sign Status Enquiry command of enquiry type 'S1' is sent to the device. The
response to this command contains various sign status information including a brief pixel
status and lamp status information. If the response indicates a pixel error, a Sign Status
Enquiry command of enquiry type 'S3' is sent to the device. The device responds with a
pixel status bitmap. If the 'S1' enquiry response also indicated a lamp error, a Sign Status
Enquiry command of enquiry type 'S4' is sent to the device. The device responds with a
lamp status bitmap. On successful completion of all the above command sequences, the
device responses are reformatted and stored in a TS3001DMSDeviceStatus struct and
returned to the caller.

TS3001ProtocolHdIr

Chart2 DMS
Object

PR [imedoutor bad resp ____ !
BWSPr otocolHandler Exception

e~ fimedoutor bad respl ____ |
DMSProtocolHandlerExcepion

PR [imedoutor bad respl ____
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Figure 5-132 TS3001ProtocolHdIr: GetStatus (Sequence Diagram)
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5.6 DMSUTtilityPkg

5.6.1 Classes

5.6.1.1 DMSUtility (Class Diagram)

This Class Diagram shows classes related to the DMS that are used by both the GUI and the
DMS service. Most of these classes are implementations of value type classes defined in
the system interfaces (IDL).
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Figure 5-133 DMSUtility (Class Diagram)

5.6.1.1.1 Chart2DMSConfiguration (Class)

The Chart2DMSConfiguration class is an abstract class which extends the
DMSConfiguration class to provide configuration information specific to Chart II
processing. Such information includes how to contact the sign under Chart II software
control, the default SHAZAM message for using the sign as a HAR Notifier, and the
owning organization. Such data extends beyond what would be industry-standard
configuration information for a DMS. Parameters to support TCP/IP communications,
notifications and more alerts, and traveler information messages were added for R3B3.
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.1.2 Chart2DMSConfigurationimpl (Class)

The Chart2DMSConfigurationImpl class provides an implementation for the abstract
Chart2DMSConfiguration class. It implements get and set methods to access and modify
values of the configuration of a DMS. The configuration information stored here is
normally fairly static: things like the size of the sign in characters and pixels, its name and
location, and how to contact the sign (as opposed to dynamic information like the current
message on the sign, which is stored in an analogous Status object).

.1.3 Chart2DMSStatus (Class)

The Chart2DMSStatus class is an abstract class which extends the DMSStatus class to
provide status information specific to CHART processing, such as information on the
controlling operations center for the sign. This data extends beyond what would be
industry-standard status information for a DMS. Status information for traveler information
messages was added in R3B3.

.1.4 Chart2DMSStatusimpl (Class)

The Chart2DMSStatusImpl class provides an implementation for the abstract
Chart2DMSStatus class. It implements get and set methods to access and modify values of
the status of a DMS. The status information stored here is relatively dynamic: things like
the current message on the sign, its beacon state, its current operational mode (online,
offline, maintenance mode), and current operational status (OK, COMM_FAILURE, or
HARDWARE_FAILURE) and controlling operations center. (More static information
about the sign, such as its size and location, is stored in an analogous Configuration object.)

.1.5 Dictionary (Class)

The Dictionary IDL interface provides functionality to add, delete and check for words that
are approved or banned from being used in CHART?2 messaging devices such as HARs and
DMSs. It also provides functionality to manage pronunciations.

1.6 DictionaryWrapper (Class)

This singleton class provides a wrapper for the system dictionary that provides automatic
location of the dictionary and automatic re-discovery should the dictionary reference return
an error. This class also allows for built-in fault tolerance by automatically failing over to a
"working" dictionary without the user of this class being aware that this being done. In
addition, this class defers the discovery of the Dictionary until its first use, thus eliminating
a start-up dependency for modules that use the dictionary.

This class delegates all of its method calls to the system dictionary using its currently
known good reference to the system dictionary. If the current reference returns a CORBA
failure in the delegated call, this class automatically switches to another reference. When
there are no good references (as is true the first time the object is used), this class issues a
trader query to (re)discover the published Dictionary objects in the system. During a
method call, the trader will be queried at most one time and under normal circumstances
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(other than the first use) the trader will not be queried at all.

1.7 DMSConfiguration (Class)

The DMSConfiguration class is an abstract valuetype class which describes the
configuration of a DMS device. This configuration information is normally fairly static:
things like the size of the sign in characters and pixels, its name and location, and how to
contact the sign (as opposed to dynamic information like the current message on the sign,
which is defined in an analogous Status object). The font number and line spacing were
added for R3B3, and the location was changed to a ObjectLocation, which contains more
detailed locations fields.

.1.8 DMSMessage (Class)

The DMSMessage class is an abstract class which describes a message for a DMS. It
consists of two elements: a MULTI-formatted message and beacon state information
(whether the message requires that the beacons be on). The DMSMessage is contained
within a DMSStatus object, used to communicate the current message on a sign, and is
stored within a DMSRPIData object, used to specify the message which should be on a sign
when the response plan item is executed.

.1.9 DMSMessagelmpl (Class)

The DMSMessagelmpl class provides an implementation for the abstract DMSMessage
class. It implements get and set methods to access and modify the MULTI-formatted
message and beacon state values which make up a DMS message.

.1.10 DMSPIanltemData (Class)

The DMSPIlanltemData class is a valuetype that contains data stored in a plan item for a
DMS. It is derived from PlanltemData.

.1.11 DMSPIlanltemDatalmpl (Class)

The DMSPIlanltemDatalmpl class provides an implementation for the abstract
DMSPlanltemData class. It implements get and set methods to access and modify values
relative to a stored Plan Item for a DMS, which associates a stored message to a specific
DMS it should be placed on.

.1.12 DMSRPIData (Class)

The DMSRPIData class is an abstract class which describes a response plan item for a
DMS. It contains the unique identifier of the DMS to contain the DMSMessage, and the
DMSMessage itself.

.1.13 DMSRPIDatalmpl (Class)

The DMSRPIDatalmpl class provides an implementation for the abstract DMSRPIData
class. It implements get and set methods to access and modify values relative to a
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Response Plan Item for a DMS.

.1.14 DMSStatus (Class)

The DMSStatus class is an abstract value-type class which provides status information for a
DMS. This status information is relatively dynamic: things like the current message on the
sign, its beacon state, its current operational mode (online, offline, maintenance mode), and
current operational status (OK, COMM_FAILURE, or HARDWARE_FAILURE). (More
static information about the sign, such as its size and location, is defined in an analogous
Configuration object.)

.1.15 FP9500Configuration (Class)

The FP9500Configuration class is an abstract class which extends the
Chart2DMSConfiguration class to provide configuration information specific to an FP9500
model of DMS. It is exemplary of potentially a whole suite of subclasses specific to a
specific brand and model of sign for manufacturer-specific configuration information.

.1.16 FP9500Configurationimpl (Class)

The FP9500ConfigurationImpl class provides an implementation for the abstract
FP9500Configuration class. It implements get and set methods to access and modify values
specific to the static configuration of an FP9500 DMS. It is exemplary of potentially a
whole suite of subclasses specific to a specific brand and model of sign for manufacturer-
specific configuration information.

.1.17 FP9500DMSStatus (Class)

The FP9500DMSStatus class provides additional storage for status information unique to
the FP9500 model of sign. It is exemplary of potentially a whole suite of Chart2DMSStatus
subclasses specific to a specific brand and model of sign.

.1.18 FP9500Statusimpl (Class)

The FP9500StatusImpl class provides an implementation for the abstract FP9500Status
class. It implements get and set methods to access and modify values specific to the
dynamic status configuration of an FP9500 DMS. It is exemplary of potentially a whole
suite of subclasses specific to a specific brand and model of sign for manufacturer-specific
status information.

.1.19 Message (Class)

This class represents a message that will be used while activating devices. This class
provides a means to check if the message contains any banned words given a Dictionary
object. Derived classes extend this class to provide device specific message data.
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5.6.1.2 DMSTravinfoMsgFormattingClasses (Class Diagram)

This diagram contains classes used in formatting the MULTT for a
DMSTravinfoMsgTemplate.
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Figure 5-134 DMSTravInfoMsgFormattingClasses (Class Diagram)

5.6.1.2.1 DMSTravinfoMsgDataSupplier (Class)

This interface provides data for travel routes used in a DMSTravinfoMsg. It will be used to
substitute the template tags with route-specific data, in order to format the template and
produce MULTT. This is needed in the GUI for true display, and is needed in the server for
formatting messages to send to a DMS. The routeNum parameter corresponds to route
numbers contained in the template data tags, and it is a 1-based index. These methods will
throw an exception if the requested data is not available.

5.6.1.2.2 DMSTravinfoMsgTemplateConfig (Class)

This object contains the configuration data for a message template that represents a
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DMSTravlInfoMsgTemplate in the CHART DB

5.6.1.2.3 DMSTravinfoMsgTemplateModel (Class)

This class contains functionality for formatting and modelling DMS message templates.
During initialization a model of pages, rows, and elements (including the template tags) is
constructed. MULTI fragments (the MULTI outside of the template tags) are stored so that
they can be carried to the formatted MULTI. The tags can also be queried from the model,
which can be used to figure out what data will be required for each route by the template.

5.6.1.2.4 TemplateDestinationTag (Class)

This class represents a route destination data tag within the template. The destination field
can have a fixed or variable size, and the length will be set to 0 to indicate that the size is
variable (if applicable).

5.6.1.2.5 TemplateFormatSupporter (Class)

This interface provides the tag classes with the data they need to format the route data for
the tag into MULTTI.

5.6.1.2.6 TemplateMultiFragment (Class)

This class is the portion of a template row between the data tags (if applicable). The
MULTTI is kept intact so that MULTTI tags such as line justification can be preserved in the
output MULTL

5.6.1.2.7 TemplatePage (Class)

This class represents a page of the template that has been parsed into model form. It
contains TemplateRow objects which represent the rows of the page.

5.6.1.2.8 TemplateRouteLengthTag (Class)

This class represents a route length tag within the template.

5.6.1.2.9 TemplateRow (Class)

This class represents a row of the template page that has been parsed into model form. It
contains TemplateElement objects which represent the data tags and non-data tag MULTI
fragments of the row.

5.6.1.2.10 TemplateRowElement (Class)

This interface represents an element (component) of the message template row, which can
either be a data tag or a fragment of the MULTTI outside of the tags.

5.6.1.2.11 TemplateTag (Class)

This is an abstract base class for template tags. It contains the route number for the tag,

CHART R3B3 Detailed Design 5-177 12/23/2008



which is a number specified in the template tag and is greater than or equal to one. For a
TemplateTollRateTimeTag however, the route number will be zero to indicate that it is not

tied to a specific route.

5.6.1.2.12 TemplateTollRateTag (Class)

This class represents a route toll rate tag within the template.

5.6.1.2.13 TemplateTollRateTimeTag (Class)

This class represents a toll rate time tag within the template.

5.6.1.2.14 TemplateTravelTimeRangeTag (Class)

This class represents a route travel time range tag within the template.

5.6.1.2.15 TemplateTravelTimeTag (Class)

This class represents a route travel time tag within the template.
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5.6.2 Sequence diagrams

5.6.2.1 DMSTravinfoMsgTemplateModel:formatMulti (Sequence Diagram)

This diagram shows how the MULTI message is formatted using the
DMSTravInfoMsgTemplateFormatter, which has already been set up at construction time
to model the template's pages and rows. Each TemplatePage object is called to get its
TemplateRow objects. The row is called to format its own MULTI, which includes
formatting any data tags (as shown in the TemplateRow:FormatMulti sequence diagram).
If the returned MULTT is null, an error occurred getting the route data and depending on the
missing data option in the template, if the message is to be ignored, it will return an empty
string; otherwise, if the page is to be ignored, it will skip to the next page and avoid
generating MULTT for the current page. Otherwise, if non-empty MULTT is returned, it is
stored in the array of row MULTTI strings. The array may contain null values for unused
rows. Next the formatPageMulti() is called to get the MULTT for the page, applying the
automatic row positioning flag if specified. If it's not the first page, the "new page" tag is
added before the page multi is added. Finally the MULTT is returned.
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x TemplateFormatte
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StringBuffer
—I* for each page]—>) ’I_
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Figure 5-135 DMSTravinfoMsgTemplateModel:formatMulti (Sequence Diagram)

5.6.2.2 DMSTravinfoMsgTemplateModel:formatPageMulti (Sequence Diagram)

This diagram shows how the row MULTT strings are formatted to obtain the MULTI for a
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DMS page. If the "useAutoRowPositioning" flag is true, a new ArrayList is created and
any non-null elements of the input row string array are added to the list. A new row string
array is created, and the rows are positioned within the array corresponding to the auto
positioning rules in the requirements. The result of autopositioning is that the input array
has been replaced by a new array, with the rows in their new positions. The elements of the
array are then examined to produce the output MULTI. If the array element is not null, it is
appended to the output MULTI. Regardless of whether the element was null or not, a
newline ("[NL]") tag is appended to the MULTT unless it is the last line on the page (i.e.,
the last element in the array). The MULTI is returned to the caller.

f: DMSTravinfoMsg
JTemplateivioael
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Figure 5-136 DMSTravinfoMsgTemplateModel:formatPageMulti (Sequence Diagram)

5.6.2.3 TemplateRow:formatMulti (Sequence Diagram)

This diagram shows how the MULTI for a row of the template is built. Each row element
is called to get its fixed columns used. This will return a positive number except if it is a
variable length tag (i.e., a destination tag that is not fixed width). If the positive value is
found, it's added to the HashMap for the tag, and it is added to the total for fix columns

CHART R3B3 Detailed Design 5-180 12/23/2008



X

used. Ifit's a variable length destination tag, the route destination names are retrieved and
stored in a hash map for later use, and the tag is added to a list. Next, the lengths for the
2nd through Nth variable length destination tag for the row are calculated, using the
shortest version of those destination names, and these lengths are stored into the column
length HashMap. (For now only the first variable length destination tag on the row is
allowed to be variable, for simplicity.) The length is then calculated for the first variable
length destination tag on the row. This starts using the shortest destination name for this
tag and uses the longest one that will fit. (Note that even the shortest of the destination tags
may not fit, either). If there is no data supplier, the available columns are divided roughly
evenly. Finally after the length of the variable length tags are calculated, the elements are
called to get their MULTI. If a tag throws an exception or returns null, a null MULTT value
will be returned to the caller, as the row will be discarded using any of the discard policies
(discard row, page, or message).

1
Template Template | DMSTrav\moMsf
Template DestinationTag| [FormatSupporter D HashMap
TemplateRow RowElement

)
<TemplateRowElement;
TemplateModel Inieger>

formatMulti()=———3)

1 ArrayList
create’ Temg\ateDeslmalwonTa?Te

HashMap
'<TemplateDestinationTag
gefFixedColumnsUsed()2% ol

pa—
fixedColsUsed +=colsUsed

[ for each el

fcolsUsed>0 _F put(elt,new Integer(colsUsed))
or notinstanceof™1
TemplateDestinatonTag)
I ditag
i

] LgetDataSupplier ()=

[m_dataSupplier == null] eiRouteDestinationNames (m_routeNuni®

B [ S Y S ittt Stingl= -~ —- -1
'

[ ]

tring [

)

m_dataSupplier == nul

get(i)
T gel(tag)
’0------__ H Ll
r EEEE— e T r
I colzysed - desNamor aee ameArrlength - 1)length() Sumup the minimumsize for the 2nd through Nth variable sized
i<taglistsize) T destinaton tags on the row. Afancier algorithm could allow these
it =g cb oo fo compete for space, butfor simplicity we'llonly allow the frstdesttag to be expanded.
variableColsUsed += colsUsed ltis assumed thatthese names are already sorted in reverse length order.

B

putitag, new Integer(colsL

[destTags size() ==0]

9et(0)
T gel(ag)
t iring [T
- :
— +
[ior colsUsed = destNameArrfllength() | Startwith the shortestdestination H
rlength S — name for the firstvariable-length
20 1 -] desttag, and increase unilthe proposed
fixedColsUsed + variableColsUsed + new tag exceeds e number of

estNameArr[ - 1]length()]>m_numCols olumns in the template
ak
<2

r;?

|
pulltag, new Integer(colsUsed)

m_dataSupplier = nyl]

— T r
avaiigpleCols = Mat max (m_nuiCgis - ixedCols Used, des Tags sizg () Alow atieastone column per variable-lenth
_I desttag, even if oo many columns
h

[for T

colsUsed = availableCols \destTags size() + i
le—(i==0 ? availableCols %des{Tags size() :0) 1l

putitag, new Integer(colsL

i=0
i<desTags size()
i+4]

[T for each el

(tag)
A eolsl :Infeger or

nul ;ge«Mmﬁ(co\smNa\ue())*
= “MULTIor exception™ "

fexception caughth—
nu

nul R
Append To Row Mult
—
=== MULTF===="

Figure 5-137 TemplateRow:formatMulti (Sequence Diagram)
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5.7 DeviceUtilityPkg

5.7.1 Classes

5.7.1.1 PortLocatorClasses (Class Diagram)

This class diagram shows utility classes that can be used to get a free port.
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Figure 5-138 . PortLocatorClasses (Class Diagram)

5.7.1.1.1 CommFailureCode (Class)

This class defines static values to be used to specify the type of comm failure in a
CommPFailureData object.
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5.7.1.1.2 CommFailureData (Class)

This class holds data to be passed to the CommFailureDB class to be logged in the Comm
failure log in the database.

5.7.1.1.3 CommFailureDB (Class)

This class is a utility used to log an entry in the Comm Failure log table in the database.
This table is used to log details about any comm failure that occurs in the system.

5.7.1.1.4 ConnectedPortinfo (Class)

This class holds data pertaining to a port that was acquired and connected via the
PortLocator.

5.7.1.1.5 DataPortWrapper (Class)

This class is a wrapper for FMS port objects and TCPPort objects . All device port
communications will be routed through the DataPortWrapper to the correct object
depending on the device configuration.

5.7.1.1.6 FMSConnectedPortinfo (Class)

This class contains the information about the fms port connected through the FMS
portmanager

5.7.1.1.7 FMSPortLocator (Class)

The FMSPortLocator is a utility class that helps one to utilize the fault tolerance provided
by the deployment of many PortManagers. The FMSPortLocator is initialized by
specifying a preferred PortManager and optionally one or more alternate PortManagers
using a PortLocationData object.

When asked to get a connected port, the PortLocator first attempts to acquire a port from
the preferred PortManager and then calls its abstract connectPort() method (implemented by
derived classes) to attempt to connect to the port. If a failure occurs, the FMSPortLocator
retries the sequence using the next PortManager in the list. The list may contain the same
port manager multiple times to have retries occur on the same port manager prior to moving
to another. In the event that the FMSPortLocator will perform a retry on the same port
manager, it holds the previously acquired port while performing the retry to avoid having
the port manager return the same port during the retry. When a different port is acquired
during a retry on the same port manager, the port is released (prior to connecting the 2nd
port).

5.7.1.1.8 ModemPortLocator (Class)

This class implements the methods to enable tcp/ip port communication of devices.
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5.71

5.71

5.71

5.71

.1.9 Port (Class)

A Port is an object that models a physical communications resource. Derived interfaces
specify various types of ports. All ports must be able to supply their status when requested.

.1.10 PortLocationData (Class)

This class contains configuration data that specifies the communication server(s) to use to
communicate with a device.

m_commsData - One or more objects identifying the communications server (PortManager)
to use to communicate with the device, in order of preference.

m_portType - The type of port to use to communicate with the device (ISDN modem,
POTS modem, direct, etc.)

m_portWaitTimeSecs - The maximum number of seconds to wait when attempting to
acquire a port from a port manager.

.1.11 PortLocator (Class)

The PortLocator is a utility class that helps one to connect to the port used by the device.
The actual implementation of the operations is done by the derived classes depending on
what protocol is used for communication.

.1.12 PortManagerListEntry (Class)

This class is used by the PortLocator to map object identifiers to object references for
PortManager objects.

5.7.1.1.13 TCPPort (Class)

This class implements the methods to enable tcp/ip port communication of devices.

5.7.1.1.14 TCPPortInfo (Class)

This structure has the information required to enable tcp/ip port communication of devices

5.7.1.1.15 TCPPortLocator (Class)

TCPPortLocator is a utility class that helps to establish and manage connection to a tcpip
port.

5.7.1.1.16 VoicePortLocator (Class)

This class provides an implementation of the PortLocator's abstract connectPort() method
that can connect a VoicePort that has been acquired by the PortLocator base class. This
derived class logs information in the comm failure database table relating to connection
problems that may occur. Since this is a telephony port which is much simpler to connect
than, say, a ModemPort, there will be considerably fewer types of errors which can occur
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and thus be detected and reported.

5.7.2 Sequence Diagrams

5.7.2.1 PortLocator:ReleasePort (Sequence Diagram)

When the PortLocator releasePort method is called, the PortLocator uses the port manager

reference that it stored in the getPort method to release the port from the correct

PortManager.

X

DeviceObject

[—releaseConnectedPort()—

PortManagerListEntry
FMSPortLocator m_currentPortOwner

'get port manager object ref >

PortManager

releasePort

See PortLocator:ReleasePort2
for the TCPPortLocator sequence

.

Figure 5-139 PortLocator:ReleasePort (Sequence Diagram)
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5.7.2.2 PortLocator:ReleasePort2 (Sequence Diagram)

The TCPPortLocator deletes the TCPPort.

TCPPort
TCPPortLocator

DeviceObject

—releaseConnectedPort()—

delete

X

Figure 5-140 PortLocator:ReleasePort2 (Sequence Diagram)
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5.7.2.3 PortLocator:getConnectedPort (Sequence Diagram)

The getConnectedPort method of the PortLocator utility uses the list of PortManager names
and associated connection information (such as phone number to use) to attempt to acquire
a port and connect it to the remote destination. Retry logic exists to try each PortManager
in succession until a port is successfully connected or an attempt to connect fails and the
type of failure is not likely to benefit from a retry on a different port. The list of port
manager names can contain duplicate entries to cause the port locator to use a different port
on the same port manager. When this is the case, the port locator must hold the previously
acquired port while it attempts to get an additional port from the port manager to ensure the
port manager doesn't return the same port twice.

The connection logic is carried out in the derived class connectPort() method, for this logic
varies depending on the type of port requested. A private getPort() method handles logic to
retrieve a port from a single port manager and process errors. Sequences for these methods
exist in the ModemPortLocator:connectPort() sequence and the PortLocator:getPort()
sequence.

If the connection attempt succeeds, the device object creates a DataPortWrapper object
which points to the DataPort (CORBA object served by the fms) . If the connection attempt
fails, appropriate error record is inserted in the CommFailureDB.
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Figure 5-141 PortLocator:getConnectedPort (Sequence Diagram)
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5.7.2.4 PortLocator:getConnectedPort2 (Sequence Diagram)

The getConnectedPort method of the PortLocator utility gets the port type and if it is a tcp
port it attempts to acquire a port and connect it to the remote destination. If the connection
attempt succeeds, the device object creates a DataPortWrapper which points to the newly

created and connected port.

Device
Object TCPPortLocator]

getConnectedPort(
,

commar X update("acquiring port")

CommandStatus

This diagram applies >
if the port type is TCPIP. TCPPort

[port retrieved]
connectPort
CHART2Exception or
port open failur

[unable to omplete("failed acquiring port"):

le-- _successfully acquire__ _ |
and connect port] SUCCESS)
CHART 2Exception CONN_RSLT_OK

[CONN_RSLT OK]

| _create(tcpPort,
portNumber, ipAddress]| TCPConnectedPortInfo

tcpPort DataPortWrapper

- ICONN RSLT OKL plote("success”).

ConnectedPortInfo

Figure 5-142 PortLocator:getConnectedPort2 (Sequence Diagram)

5.7.2.5 PortLocator:getPort (Sequence Diagram)

When a request is made to the PortLocator to get a port, the PortLocator gets the first entry
from its port manager list (which is the preferred port manager) and asks the port manager
for a port. If the getPort call on the port manager fails, the PortLocator consults its retry
settings and may retry the operation depending on the specific failure condition. If all
retries (if any) of the getPort operation on the port manager are exhausted without success,
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the PortLocator may failover to the next PortManager in the PortLocator's list, depending
on the specific error condition encountered and the settings for failover in the PortLocator.
Because the PortLocator is initialized with only object identifiers for the preferred and
fallback port managers, a Trader query is made to obtain an object reference the first time a
PortManager is to be accessed.

java uil.Vector |
De(\:/ilzég;jict FMSPortlocator| m_portManagerLis PortManagerListEntry} PortManager CorbaUlfiiies org.omg.CosTrading.Lookupl
T T T T T T
] ] ] ] ] ]
o N ] ] ] ] ]
getPort | ] ] ] (] (]
| | | | | |
2 | i i i i
H oet ™ i i i i
] ] 1 ] ] ]
H H fistenty's objectréfis null H . H
] | ndObjec | | E— JE—]
] ] ! yl ] ] query 1
i i i i P H
H H H H I% ------------ d
e + Porbnag L ] :
; i r anagier | | |
— H H H H H
] ] ] ] ] ]
| ] ] J ] ]
T T getPort T S | |
[‘while more porlmanagers '6 ------------- -: ------------- -: ------------ -: : :
inlistand portnotretrieved] ] ] ] ] ] ]
| | | | | |
[Error AND ] ] ] ] ] ]
Retries enabledfor ! ' ' ' ' '
specific error condition AND} H H H H H
more retries] 1 ] ] [} ] ]
| | | | | |
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] ] ] ] ] ]
] ] ] ] ] ]
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i i i i i i
[portnotretrieved AND — ] ] ] ] ]
failover notenabled ' ' ' ' ' '
< - for specific erforemmmfpeccccccccceeee 1 H H H H H
conditon] : : : : : :
CHART2Exception H H H H H H
I — H H H H H
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] ] ] ] ] ]
] ] ] ] ] ]
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] ; 1can go back to the same t ] | |
: Q?gﬁﬁ};'teevﬁg‘; '%ortmatnagerm release : : : :
" e port.
! ascurrentportowner| ! P ] ! ! !
i i i i i i
T [portretrieved] m c e e cccemm 4 | | | | |
Port [} 1 1 ] ] ]
] ] ] ] ] ]
! ! ' ! ! '

Figure 5-143 PortLocator:getPort (Sequence Diagram)
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5.8 External Interface Module

5.8.1 Classes

5.8.1.1 DMSImportAcquireClasses (Class Diagram)

DMSIimportModuleProperties
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-m_subscriber JavaXJms.QueueReceiver
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Figure 5-144 DMSImportAcquireClasses (Class Diagram)

5.8.1.1.1

ConnectionTimerTask (Class)

h=A

This class periodically checks the RITIS connection and reconnects if it's failed or stale (no
activity for a period of time).

5.8.1.1.2 DMSImportAcquireHandler (Class)

This class handles data acquisition from the external source. It inherits CommandQueue
processing functionality from the EITaskHandler. The custom Acquirer class, which
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implements the EIAcquirer interface and is specified in the props, receives messages from
the external system. When a message is received from the external system a
DMSImportAcquireTast task is created and placed on a CommandQueue. When the
CommandQueue executes the task it calls DMSImportAcquireHandler.handleReceipt() to
process the message. The message is processed using the EIAcquirer interface and is
forwarded for translation to the DMSImportTranslationHandler.

5.8.1.1.3 DMSImportAcquireTask (Class)

This class wraps an external DMS message so it can be put on a command queue. When
the command queue calls the execute() method, this class invokes the
DMSImportAcquireHandler to handle the message and prepare it for further processing
(translation).

5.8.1.1.4 DMSImportModule (Class)

This module imports DMS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external DMS objects in chart and allows for ongoing
updates to those objects.

5.8.1.1.5 DMSImportModuleProperties (Class)

This class holds all properties needed by the DMSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external DMS data into
CHART DMS data.

5.8.1.1.6 DMSImportRITISAcquirer (Class)

This class knows how to connect to RITIS and obtain data on external DMS devices. It
breaks the composite RITIS message into separate DMS inventory and DMS status
messages and puts them on the translation command queue for processing. It obtains
connection information from the DMSImportModuleProperties class.

5.8.1.1.7 ElAcquirer (Class)

Any class wishing to import data into CHART must support this EIAcquirer interface. The
initialize method is called when the class wants to set up an external connection. The
receive method is called when an external message is received for processing. The receive
method should immediately place the external message on the acquirer command queue and
be ready to take in the next external message. The decode method is called by the
command queue to transform the external format into an internal format suitable for
translation. The cleanup method is called before shutdown to give the implementing class
an opportunity for a clean disconnect from the external source.
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5.8.1.1.8 ElForwarder (Class)
This interface is implemented by classes that wish to process and forward messages for
translation.

5.8.1.1.9 EIMessageReceived (Class)

This class holds the incoming message from the external source. Its associated task is
quickly put on a command queue so the listener can get back to listening for new messages.

5.8.1.1.10 ElTaskHandler (Class)

This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.1.11 ExternalSystemConnectionimpl (Class)

This class knows how to maintain the status of external connections and push them up to
the GUI. Also, ExternalSystemConnectionAlerts and Notifications can be sent as
configured by the admin.

5.8.1.1.12 java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.8.1.1.13 java.util.TimerTask (Class)

This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.8.1.1.14 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.
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5.8.1.2 DMSImportChartClasses (Class Diagram)
This diagram shows the classes used to import external DMSs into CHART.
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Figure 5-145 DMSImportChartClasses (Class Diagram)

5.8.1.2.1 AVElement (Class)

One element of an AVList containing an attribute and a big-O-Object for storing/retrieving
objects easily

5.8.1.2.2 AVList (Class)

Generic collection of attribute and big-O-Object pairs used to move around the application.
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5.8.1.2.3 DiscoverExternalDMSClassesCmd (Class)

This class is used by the DiscoveryManager to maintian the cache of ProxyExternalDMS
objects used by the DMSImportModule.

5.8.1.2.4 DMSImportHandler (Class)

This class handles the actual import of the data into the CHART system proper. It inheirits
CommandQueue processing functionality from the EITaskHandler. This class maintains a
cache of candidate DMSs from the external source and keeps a cache of references to
External DMS objects in CHART. The two caches are maintained via messages received
from the external system and translated for CHART.

5.8.1.2.5 DMSImportModule (Class)

This module imports DMS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external DMS objects in chart and allows for ongoing
updates to those objects.

5.8.1.2.6 DMSImportModuleProperties (Class)

This class holds all properties needed by the DMSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external DMS data into
CHART DMS data.

5.8.1.2.7 DMSImportTask (Class)

This class is the command to process the external DMS import request received from the
translation process and bound for CHART. It is executed by the CommandQueue
asynchronously.

5.8.1.2.8 ElTaskHandler (Class)

This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.2.9 ExternalDeviceCandidateSupporter (Class)

This interface is implemented by classes that are capable of supplying external device
candidate data for the purposes of configuring external devices within CHART. Classes
implementing this interface will also be capable of accepting administator directives as to
the disposition of external device candidates (i.e. specifically excluding or including
candidate devices as "external" devices in CHART.
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5.8.1.2.10 ExternalDeviceEventsCallback (Class)

This interface is used in conjunction with the DiscoveryExternalDMSClassCmd class
which calls the appropriate interface method when certain corba events are received by the
DiscoveryManager. Currently, only one method is supported. The
externalDMSRemoved() method is call when a DMSRemoved corba event is received for
an External DMS object.

5.8.1.2.11 ExternalDMSCandidate (Class)

This class represents candidate DMS data from an external data source. It is populated
with external data that has been translated into a CHART-centric structure.

5.8.1.2.12 ExternalDMSFactoryWrapper (Class)

This class finds a DMS Service and provides a facade for the creation of external DMS
devices within CHART.

5.8.1.2.13 ExternalDMSManagerimpl (Class)

This class implements the ExternalDMSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

5.8.1.2.14 ProxyExternalDMS (Class)

This class is used to cache external DMS device information. It holds and provides access
to basic configuration and status data specific to an ExternalDMS type.

5.8.1.2.15 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.
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5.8.1.3 DMSImportModuleClasses (Class Diagram)

This diagram shows the implementation classes used to import external DMSs into

CHART.

Corba Interface for
reporting status for
an External System's

«interface» «interface»
ServiceApplication ServiceApplicationModule
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1
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getExcludedDMSList() ExternaIDMSFac(oryWrapper ! ! -m_failWarnStatusChangeTime : long
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1 HashTable<Slrlng +ctor(ExternalSystem config:ConnectionConfig,
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+getProperties() +shutdown()

+getPushEventSupplier() -sendNotificationsfNecessary()
+restart() -sendNotification()
-sendExternalConnectionAlert()

1
ElTaskHandler 1
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for managing external DMS
devices. See
ExtemalDevwceManagerCIasses

ExternalDMSManagerimpl

+ctor(extDevMgrConfig : ExternalDeviceManagerConfig,
candidateSupporter : ExternalDeviceCandidateSupporter,
gafw : GeoAreaFactoryWrapper)
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-m_extDMSFactory :
-m_initialized : boolean
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-m_subscriber : +initialize(DMSImportHandler, DMSImportModuleProperties) Hashtable<String
-m_translationHandler +createDMSTranslationTask(AVList) : DMSImportTranslationTask / ExternalDMSCandidate>
: DMSImportTranslationHandler +handleTranslation(AVList) -m_externalDMSList :
+shutdown() HashTable<String

+createDMSImportAcquireTask( / ProxyExternalDMS>
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Figure 5-146 DMSImportModuleClasses (Class Diagram)

5.8.1.3.1 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
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thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

5.8.1.3.2 DMSImportAcquireHandler (Class)

This class handles data acquisition from the external source. It inherits CommandQueue
processing functionality from the EITaskHandler. The custom Acquirer class, which
implements the EIAcquirer interface and is specified in the props, receives messages from
the external system. When a message is received from the external system a
DMSImportAcquireTast task is created and placed on a CommandQueue. When the
CommandQueue executes the task it calls DMSImportAcquireHandler.handleReceipt() to
process the message. The message is processed using the EIAcquirer interface and is
forwarded for translation to the DMSImportTranslationHandler.

5.8.1.3.3 DMSImportDB (Class)

This class provides a database interface for the DMSImportModule. It includes methods
needed to store and retrieve external DMS related information. In particular, a list of
excluded external DMS devices is kept.

5.8.1.3.4 DMSImportHandler (Class)

This class handles the actual import of the data into the CHART system proper. It inheirits
CommandQueue processing functionality from the EITaskHandler. This class maintains a
cache of candidate DMSs from the external source and keeps a cache of references to
External DMS objects in CHART. The two caches are maintained via messages received
from the external system and translated for CHART.

5.8.1.3.5 DMSImportModule (Class)

This module imports DMS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external DMS objects in chart and allows for ongoing
updates to those objects.

5.8.1.3.6 DMSImportModuleProperties (Class)

This class holds all properties needed by the DMSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external DMS data into
CHART DMS data.

5.8.1.3.7 DMSImportTranslationHandler (Class)

This class creates and handles DMSImportTranslationTasks. It inherits CommandQueue
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processing functionality from the EITaskHandler. It handles translation step classes that
are specified in the props file and customized for the specific translation needed for the data
provided by the external system. After translation the data is forwarded to the
DMSImportHandler for import into CHART.

5.8.1.3.8 ElTaskHandler (Class)

This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.3.9 ExternalDMSManagerimpl (Class)

This class implements the ExternalDMSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

5.8.1.3.10 ExternalSystemConnection (Class)

This interface defines external connections and provides status reporting.

5.8.1.3.11 ExternalSystemConnectionimpl (Class)

This class knows how to maintain the status of external connections and push them up to
the GUL.  Also, ExternalSystemConnectionAlerts and Notifications can be sent as
configured by the admin.

5.8.1.3.12 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

5.8.1.3.13 ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
ChartlI service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

5.8.1.3.14 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
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classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking ServiceApplication to perform actions such as object creation and publication.

5.8.1.3.15 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.
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ElTaskHandler

-m_commandQueue :CommandQueue

DMSImportModule

5.8.1.4 DMSImportTranslationClasses (Class Diagram)
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-m_acquireHandler
-m_externalSystemConn
-m_importHandler
-m_translatonHandler
-m_db
-m_pushEventSupplier
-m_startupThread
-m_extDMSFactoryWrapper
ExternalDMSFactory Wrapp
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1 1
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ctor(String) + ;
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+initialize(DMSImportHandler, DMSImportModuleProperties)
+createDMSTranslationTask(AVList) :DMSImportTranslatonTask

+iniialize(EIPropertes)

«creates and +translate(inLists:ArrayList, outLists Arrayliist)

+execute() processes +handleTranslation(AVList) +cleanup()
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]
]
]
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Figure 5-147 DMSImportTranslationClasses (Class Diagram)

5.8.1.4.1 AVElement (Class)

One element of an AVList containing an attribute and a big-O-Object for storing/retrieving
objects easily
5.8.1.4.2 AVList (Class)

Generic collection of attribute and big-O-Object pairs used to move around the application.

5.8.1.4.3 DMSImportModule (Class)

This module imports DMS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external DMS objects in chart and allows for ongoing
updates to those objects.
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5.8.1.4.4 DMSImportModuleProperties (Class)

This class holds all properties needed by the DMSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external DMS data into
CHART DMS data.

5.8.1.4.5 DMSImportTranslationHandler (Class)

This class creates and handles DMSImportTranslationTasks. It inherits CommandQueue
processing functionality from the EITaskHandler. It handles translation step classes that
are specified in the props file and customized for the specific translation needed for the data
provided by the external system. After translation the data is forwarded to the
DMSImportHandler for import into CHART.

5.8.1.4.6 DMSImportTranslationTask (Class)

This class wraps an external DMS inventory or status message so it can be put on a
command queue. When the command queue calls the execute() method, this class invokes
the DMSImportTranslationHandler to translate it into CHART-centric DMS data.

5.8.1.4.7 DmsTmddTranslationStep1 (Class)

This class represents step one of a one step translation which will translate TMDD DMS
inventory and DMS status messages to CHART-centric terms. An example of when a
multiple step translation may be needed is when a complex message needs to be simplified
before further translation can be done. Multiple simple steps may be able to accomplish
what one complex step could. For ease of maintenance, multiple steps may be better in
that case.

5.8.1.4.8 ElProperties (Class)
This class supports properties that are generic to all External Interface modules such as log
filenames.

5.8.1.4.9 ElTaskHandler (Class)
This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.4.10 ElTranslationStep (Class)
An ElTranslationStep is the base class for all translations. Implementing translations define
how to translate from a particular type of AVList to another particular type of AVList.

5.8.1.4.11 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.
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5.8.1.5 EventAtisimportChartClasses (Class Diagram)
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Figure 5-148 EventAtisImportChartClasses (Class Diagram)

5.8.1.5.1 AVElement (Class)

One element of an AVList containing an attribute and a big-O-Object for storing/retrieving
objects easily

5.8.1.5.2 AVList (Class)

Generic collection of attribute and big-O-Object pairs used to move around the application.

5.8.1.5.3 DataModel (Class)

The data model class serves as a collection of objects. It provides an efficient lookup
mechanism for locating any object, and methods which allow for the retrieval of all objects
of a particular type. Additionally, this class provides the ability to attach observer objects
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which are notified when objects are added to or removed from the model. Objects may also
notify the DataModel that they have been modified. The model will periodically notify all
attached observers of the changes to objects in the model.

5.8.1.5.4 Duplicatable (Class)

This java interface is implemented by classes which have sense of being "duplicated"
within the CHART system. This allows the ObjectCache to search for duplicates of any
Duplicatable object. This is different from "equals()" or "compareTo()". To cite two
examples: Alerts within CHART are duplicates if they refer to the same objects within
CHART (but do not have the same Alert ID, which is more closely associated with
"equals()"). Traffic Events within CHART are duplicates if they have the same location
(but do not have the same Traffic Event ID).

5.8.1.5.5 ElTaskHandler (Class)
This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.5.6 EventimportHandler (Class)

This class is responsible for handling EI tasks representing external CHART events. It is
called when an EventImportTask is put on its queue. It then converts the AVList to the
CHART event components needed to create a CHART event.

5.8.1.5.7 EventimportModule (Class)

This module imports traffic events from an external source by loading the class specified in
its props file. The class knows how to connect to an external traffic event source and how
to prepare it for translation. A separate property tells the module how to translate the
external traffic event into an AVList that directly maps to a CHART traffic event.

5.8.1.5.8 EventimportModuleProperties (Class)

This class holds all properties needed by the ExternallmportModule including the name of
the class to be loaded to make the external connection and the steps needed to translate the
external traffic event into an internal traffic event.

5.8.1.5.9 EventimportTask (Class)

This class is the command to process the event import request received from the translation
process and bound for CHART. It is executed by the CommandQueue asynchronously.

5.8.1.5.10 ObjectCache (Class)

The ObjectCache is a wrapper for the DataModel. It provides access to DataModel
methods to find objects in the data model, delegating those methods to the DataModel
itself. It also provides additional methods of finding name filtered objects and discovering
"duplicate" objects (as defined by an isDuplicateOf() method of the Duplicatable interface).
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5.8.1.5.11 ProxyBasicTrafficEvent (Class)

This class is used as a proxy for traffic events existing in all traffic event services (including
the local service). The proxy traffic events cached are not complete copies of the traffic
events, because the full range of data is not needed. The ProxyBasicTrafficEvent data
consists of BasicEventData and associated events only (this is why the names of these
objects contain the word "Basic", e.g., DiscoverBasicTrafficEventClassesCommand. These
proxy traffic events allow every traffic event service in the system to have some knowledge
of every traffic event in the entire system, for the purpose of detecting duplicate traffic
events.

5.8.1.5.12 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.

5.8.1.5.13 TrafficEvent (Class)

Objects of this type represent traffic events that require action from system operators.

5.8.1.5.14 TrafficEventFactoryWrapper (Class)

This class finds a Traffic Event Service and provides a facade to it for the creation of
external traffic events.
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5.8.1.6.1

5.8.1.6 ExternalDeviceManagerClasses (Class Diagram)

CORBA interface. A
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+m_defaultP ageOnTime: long
+m_defaultP ageOffTime: long
+m_fontNumber: short
+mlneSpacing:shor
+m_direction : CommonDirection

Exter nalTS S Candidate

+m_id: ExtemalObjectidentificationData
+extTssConfig : ExtemalTS SContiguration

Figure 5-149 ExternalDeviceManagerClasses (Class Diagram)

ExternalDeviceCandidateSupporter (Class)

This interface is implemented by classes that are capable of supplying external device

candidate data for the purposes of configuring external devices within CHART. Classes
implementing this interface will also be capable of accepting administator directives as to
the disposition of external device candidates (i.e. specifically excluding or including

candidate devices as "external" devices in CHART.

5.8.1.6.2 ExternalDeviceManager (Class)

This interface defines operations used for configuring External Devices in CHART. Each
ExternalDeviceManager manages external devices of a specific type (DMS, TSS, ... ) for a

specific External System (i.e. data source).
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5.8.1.6.3 ExternalDeviceManagerConfig (Class)

This struct defines the configuration for an ExternalDeviceManager in CHART.

5.8.1.6.4 ExternalDeviceManagerimpl (Class)

This class implements the ExternalDeviceManager corba interface. It provides the
functionality used by the GUI to allow administrators to configure external devices in
CHART. It provides for the searching of external data source's candidate devices. It also
provides the interface, thru the GUI, for administrators to select candidate devices for
inclusion in CHART (L.E. import the device into CHART).

5.8.1.6.5 ExternalDMSCandidate (Class)

This class represents candidate DMS data from an external data source. It is populated
with external data that has been translated into a CHART-centric structure.

5.8.1.6.6 ExternalDMSManager (Class)

This is a naming interface (empty interface) used to specify a external device manager
specific to DMS devices. Its used as a convenience when querying traders and to clarify
implementation.

5.8.1.6.7 ExternalDMSManagerimpl (Class)

This class implements the ExternalDMSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

5.8.1.6.8 ExternalTSSCandidate (Class)
This class represents candidate TSS data from an external data source. It is populated with
external data that has been translated into a CHART-centric structure.

5.8.1.6.9 ExternalTSSManager (Class)

This is a naming interface (empty interface) used to specify a external device manager
specific to TSS devices. Its used as a convenience when querying traders and to clarify
implementation.

5.8.1.6.10 ExternalTSSManagerimpl (Class)

This class implements the External TSSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

5.8.1.6.11 GeoAreaFactoryWrapper (Class)

This singleton class presents the same interface as the GeoAreaFactory, but uses a
FirstAvailableOfferWrapper to provide fault tolerant access to the methods.
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5.8.1.7 ExternalSystemConnectionClasses (Class Diagram)

The ExternalSystemConnection class diagram list classes involved with External System

Connection monitoring and status reporting. The ExternalSystemConnectionImpl
implements the ExternalSystemConnection interface allowing clients to retrieve
configuration and status info for the connection being represented. An
AlertFactoryWrapper and NotificationManagerWrapper are used to send
ExternalSystenConnection Alerts as configured to do so. Access to
SystemProfileProperties is provided by the SystemProfileProperties class.

«interface»
Uniquelyldentifiable

«interface»
ExternalSystemConnection

getConfig():ExternalSy stemConnectionConfig
getStatus(): ExternalSystemConnectionStatus

2

ExternalSystemConnectionimpl

-m_pushEventSupplier
-m_config
-m_status

-m_eventPushintervalMins:int
-m_pushEveryChangeFlag:boolean
-m_alertFactory:AlertFactoryWrapper
-m_notificatonMgr:NoftficatonManagerWrapper
-m_sysProfileProps:SystemProfilePropertes..

Corba Interface for
reporting status for
——===- anExternalSystem's
|- mmm T Connection to Chart

SystemProfileProperties

get():SystemProfile Properties
getAlertArchiveTimeMinutes () :int
getAlertAudibleReminderinterval() :int

1 getAlertD efaultAcceptTimeMinutes (type:WebAlertType) :int

-m_timer : Timer K g
- lo— getAlertDefaultDelay TimeMinutes (ty pe:WebAlertType) :int
m fanWarnStamsChangeT\me long getAlertDeviceFailureAudio() :byte[l
getAlertDuplicateEventAudio() :byte[]
+ctor(ExternalSystem config:ConnectionConfig, ge'AIenEscaIanonTmeMmutes(typeWebAIenType) int
e pushSup:Pus hEventSupplier, pushintervalMins int, getAlertEventSillOpenAudio() :byte([]

Vid pushEveryChange boolean)

_b Vd +getConfig() : ExternalSysteConfig
UPDATED FOR R3B3: ’ +getStatus () :ExternalSystemStatus

added m_alertFactory, ’ +setStatus (status :SimpleStatus, desc:String)
m_notificatonFacotry, +setWarningfOK()
m_systemProfileProps. +shutdown()
-sendNotifications fNecessary ()
-sendNotification()
-sendExternalConnectionAlert()
1" 1 1

java.util.Timer 1

getAlertGenericAudio() :byte[]
getAlerIl\/IaxAcceptTlmeMmmes(type ‘WebAlertType) :int
getAlertMaxDelay TimeMinutes (type WebAlertType) :int
getAlertReminderAudio() :bytel[l
getAlertUnhandledRsrcAudio() :byte[]
getNotificationProperties () : Sy stemProfileNotificationProperties
getScheduleRemovalTimeMinutes() :int
getScheduleActivatonSuppressionTimeMinutes() :int
getMissedActivatonGracePeriodMinutes ()
getDefaultEventNearbyDevices Radius Tenths() :int

1

]

AlertFactoryWrapper

NotificationManagerWrapper

AlertFactoryReferenceData m_alertFactory RefData[]

AlertFactoryWrapper()
get() :AlertFactory ReferenceData
createAlertFactoryReferenceData(AlertFactory ReferenceDatal]) :Set
createDeviceFailureAlert(token : AccessToken,deviceld : Identfier,desc string,
initialVisibility : AlertManagementGroup]]) ‘AlertCreationResult
createDuplicateEventAlert(token :AccessToken, olderEventid :Identifier,newerEventld :ldentifier,
desc string, inifialVisibility : Aler(Managemeanroup[l Aler(CreationResult
createEventStillOpenAlert(token : AccessToken,eventld :ldentifier,desc string,
initialVisibility : AlertManagementGroup[l) ‘AlertCreationResult
createGenericAlert(token :AccessToken,desc string,
initialVisibility : AlertManagementGroupl]) ‘AlertCreationResult
createUnhandledResourceAlert(token :AccessToken,deviceld : ldentfier,desc string,
initialVisibility : AlertManagementGroup][]) ‘AlertCreationResult
createExecuteScheduledActions Alert(token :Access Token, scheduleld :ldentifier,
execActionDataListActonData[],desc string,
initialVisibility : AlertManagementGroup[)) ‘AlertCreationResult

get() NotificatonManagerWrapper
getNotifications (token :Access Token) NoftificationIDInfo[]
getGroups (token :Access Token) :NoftificatonRecipientD ata[]
getindividuals (token :AccessToken) :NotificaonRecipientData[]
getMembers(token : AccessToken, NotificationGroupinfo[) :NotficationMemberinfo[]
sendNotification(ioken : AccessTcken

ni: NonﬂcanonCreauonlnfol]

nrl:NotficatonRecipientD ata[],

message :String) :Notificatoninfo
getNotificatonRecords(token:Access Token,

:NotificaionRecordFilter,
maxCount: long) :NofificationRecordQueryResults

Figure 5-150 ExternalSystemConnectionClasses (Class Diagram)

5.8.1.7.1 AlertFactoryWrapper (Class)

This singleton class provides a wrapper for the Alert Factory that provides automatic
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location of an Alert Factory and automatic re-discovery should the Alert Factory reference
return an error. This class also allows for built-in fault tolerance by automatically failing
over to a "working" Alert Factory without the user of this class being aware that this being
done. In addition, this class defers the discovery of the Alert Factory until its first use, thus
eliminating a start-up dependency for modules that use the Alert Factory.

This class delegates all of its method calls to the system AlertFactory using its currently

known good reference to an AlertFactory. If the current reference returns a CORBA failure

in the delegated call, this class automatically switches to another reference. When there are

no good references (as is true the first time the object is used), this class issues a trader

query to (re)discover the published Alert Factory objects in the system. During a method

call, the trader will be queried at most one time and under normal circumstances, not at all.
5.8.1.7.2 ExternalSystemConnection (Class)

This interface defines external connections and provides status reporting.

5.8.1.7.3 ExternalSystemConnectionimpl (Class)

This class knows how to maintain the status of external connections and push them up to
the GUL. Also, ExternalSystemConnectionAlerts and Notifications can be sent as
configured by the admin.

5.8.1.7.4 java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.8.1.7.5 NotificationManagerWrapper (Class)

This singleton class presents the same interface as the NotificationManager, but uses a
FirstAvailableOfferWrapper to provide fault tolerant access to the methods.

5.8.1.7.6 SystemProfileProperties (Class)

This class is used to cache the system profile properties and provide access to them. It is
also used to interact with the server to change system profile settings.

5.8.1.7.7 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.
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5.8.1.8 TSSImportAcquireClasses (Class Diagram)

TSSImportModule Properties

TSSImportModule

-acquirerClassName
-connectionChecklnterval
-connectionCheckStartupDel
-connectionStale Timeout
-externalSystemID
-importDirectory
-importFilePattern
-importHostiP
-importMode
-importPassword
-importPort

-importQueue
-importUserName

-ritis Xs dFileName
-translatonStepClassName
-testFileNamePattern
-opCenterlD
-opCenterName
-userName
-externalSystemIiD
—-retryCoun

ctor(props Properties)

1 1
Yy |

-m_app:ServiceApplication

ExternalSystemConnectionimpl

-m_pushEventSupplier

-m_acquireHandler
-m_externalSystemConn
-m_importHandler

|/ ProxyExternalTSSs ]

-m
-m

-m_franslatonHandler

-m_pushEventSupplier
-m_startupThread
-m_ex{TSSFactoryWrapper :
ExternalTSSFactory Wrapper
-m_externalTSSList:
HashTable<String

-m,

+initialize(ServiceApplication)
+shutdown(ServiceApplicatior

+getExternalSystemID(): String

+gefTSSFactory Wrapper() +setStatus (status :SimpleStatus, desc :String)
+getEx{TSSDataList() +setWarningfOK()
+getProperties () X +shutdown()
+getPushEventSupplier() -sendNotificationsfNecessary()
+restart() -sendNotification()
K2 —-sendExternalConnectionAlert(

_config

status

timer : Timer

ETaskHandler

«interface»

-m_commandQueue : CommandQueue
-m_handlerName :String

ElForwarder

ctor(String)
+isShutdown() : boolean
+shutdown() :vo
+queueMngask(QueuableCommand) boolean

+forward(ArrayList) :boolean

+prepare(ElMessageReceived) :boolean

oD

TSSimportAcquireHandler

TQueableCommand
TSSIimportAcquireTask
-m_msgReceived :XmiMessage creates
-m_handler : TSSimportAc quireHandler—#—and
processes
+execute()
+interupted()

-m_incominglLog :LogFile
-m_initialized :boolean

-m_props : TSSImportModuleProperties
-m_subscriber :
-m_franslaionHandler
:TSSImportTranslatonHandler

-m_eventPushintervalMins:int
-m_pushEveryChangeFlag:boolean

-m_db -m_alertFactory:AlertFactoryWrapper
-m_notificatonMgr: NotificatonManagerWrapper
-m_sysProfileProps:SystemProfileProperties.

|_-m_failWarnStatusChangeTime :long

+ctor(ExternalSystem config:ConnectionConfig,
pushSup:PushEventSupplier, pushintervalMins int,
pushEveryChange boolean)
+getConfig() :ExternalSysteConfig
+getStatus () :ExternalSystemStatus

«interface»
ElAcquirer

+cleanup()
+decode(EIMessageReceived)

+receive(EMessageReceived

] javajms MessageListener

Q

TSSImportRITISA cquirer

-m_connectionString : String
-m_connectionimpl : ExternalSy stemConnectionimp!
-m_expectRefresh :boolean
-m_forwarder :EIForwarder

-m_password : String

-m_subscriber :javax jms.QueueReceiver
-m_refreshPending :boolean
-m_queueName : String

[ N

1

EMessageReceived

-m_origin :String

-m_messageText:String

+cleanup:
+finalize()

5.8.1.8.1

ctor(messageText, Origin),

+getMessageText() : Strin
_:QMMM_%

+createTSSImportAcquire Task(
ElMessageReceived) : TSSImportAcquireTask
+handleReceipt(EIMessageReceived)

+initialize(translatonHandler : TSSimporfTranslatonHandler,
TSSImportVlodule Properties, ExnernalSys1emConnec110nImrl)

props :

+se1DaraLoq(lqu||eName String, logFileKeepDays :inf)

Periodically call
TSSImportRITISAcquirer.
connectiNecessary()

-m_validator :java.xmlvalidation.Validator
m_validate :boolean,

ctor(ExternalSystemConnectionimpl)
+onMessage(textMessage :javax jms Message)|

+connectifNecessary (),

-m_queueConnection :javax jms.QueueConnection
-m_session :javax jms.QueueSession
-m_userName :String

-m_props : TSSimportModuleProperties

javautil.TimerTask
ConnectionTimerTask

K]

javautil.Timer

Figure 5-151 TSSImportAcquireClasses (Class Diagram)

ConnectionTimerTask (Class)

This class periodically checks the RITIS connection and reconnects if it's failed or stale (no
activity for a period of time).

5.8.1.8.2 ElAcquirer (Class)

Any class wishing to import data into CHART must support this EIAcquirer interface. The
initialize method is called when the class wants to set up an external connection. The
receive method is called when an external message is received for processing. The receive
method should immediately place the external message on the acquirer command queue and
be ready to take in the next external message. The decode method is called by the
command queue to transform the external format into an internal format suitable for
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translation. The cleanup method is called before shutdown to give the implementing class
an opportunity for a clean disconnect from the external source.
5.8.1.8.3 ElIForwarder (Class)
This interface is implemented by classes that wish to process and forward messages for
translation.
5.8.1.8.4 EIMessageReceived (Class)
This class holds the incoming message from the external source. Its associated task is
quickly put on a command queue so the listener can get back to listening for new messages.
5.8.1.8.5 ElTaskHandler (Class)
This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.
5.8.1.8.6 ExternalSystemConnectionimpl (Class)

This class knows how to maintain the status of external connections and push them up to
the GUIL.  Also, ExternalSystemConnectionAlerts and Notifications can be sent as
configured by the admin.

5.8.1.8.7 java.jms.MessageListener (Interface)
The MessageListener class is an interface that supports the receipt of messages from a JIMS
queue. Implementers must handle the onMessage() method for all messages and optionally
support the onException() method when there is a problem with the JMS connection.

5.8.1.8.8 java.util.Timer (Class)
This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.8.1.8.9 java.util.TimerTask (Class)
This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.8.1.8.10 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.

5.8.1.8.11 TSSImportAcquireHandler (Class)

This class handles data acquisition from the external source. It inherits CommandQueue
processing functionality from the EITaskHandler. The custom Acquirer class, which
implements the EIAcquirer interface and is specified in the props, receives messages from
the external system. When a message is received from the external system a
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TSSImportAcquireTast task is created and placed on a CommandQueue. When the
CommandQueue executes the task it calls TSSImportAcquireHandler.handleReceipt() to
process the message. The message is processed using the EIAcquirer interface and is
forwarded for translation to the TSSImportTranslationHandler.

5.8.1.8.12 TSSImportAcquireTask (Class)

This class wraps an external TSS message so it can be put on a command queue. When the
command queue calls the execute() method, this class invokes the
TSSImportAcquireHandler to handle the message and prepare it for further processing
(translation).

5.8.1.8.13 TSSImportModule (Class)

This module imports TSS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external TSS objects in chart and allows for ongoing updates
to those objects.

5.8.1.8.14 TSSImportModuleProperties (Class)

This class holds all properties needed by the TSSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external TSS data into
CHART TSS data.

5.8.1.8.15 TSSImportRITISAcquirer (Class)

This class knows how to connect to RITIS and obtain data on external TSS devices. It
breaks the composite RITIS message into separate TSS inventory and TSS status messages
and puts them on the translation command queue for processing. It obtains connection
information from the TSSImportModuleProperties class.
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ElTaskHandler

-m_commandQueue : CommandQueue
-m_handlerName : String

ctor(String)

+isShutdown() : boolean

+shutdown() : void
+queueMsgTask(QueuableCommand) : boolean

o QueableCommand

TSSImportTask | *

creates and,

5.8.1.9 TSSImportChartClasses (Class Diagram)
This diagram shows the classes used to import external TSSs into CHART.

TSSImportModule

-m_app: ServiceApplication
-m_acquireHandler
-m_externalSystemConn
-m_importHandler
-m_translationHandler
-m_db
1 -m J)ushE\frer?tSL&pplier
PN -m_startupThrea
-m_extTSSFactoryWrapper :
ExternalTSSFactoryWrapper
-m_externalTSSList :
HashTable<String
/ ProxyExternal TSS>

1 1
’—< TSSImportModuleProperties

ExternalTSSFactoryWrapper

+initialize(ServiceApplication)
+shutdown(ServiceApplication)
+getTSSFactoryWrapper()
+getExtTSSDatalList()
+getProperties()
+getPushEventSupplier()
+restart()

+get() : ExternalTSSFactoryWrapper
+initialize(TBD)
+createExternalTSS(TBD)

Note: The HashTable of ProxyExternalTSS objects

TSSImportHandler

is managed to a certain extent by the DiscoveryManager.
The DiscoveryManager will discover and update (via the
Event Channel) ProxyExternalTSS objects in its

processes

+execute()
+interrupted()

1

AVList

+create()

+add(String, Object)
+get(String):AVElement
+get() : AVElement[]
+clear()

-m_extTSSFactory : ExternalTSSFactoryWrapper
-m_candidates : Hashtable<String

/ ExternalTSSCandidate>

-m_externalTSSList : HashTable<String

/ ProxyExternalTSS>

-m_excludedTSSList : HashTable<String

/ ExternalObijectidentificationData>
-m_extTSSManagerimpl : ExternalTSSManagerimpl

ObjectCache as well as keep the HashTable updated.

ProxyExternalTSS

+ctor(TSSImportModule)
+initialize(DiscoveryManager)
+createTSSImportTask(AVList[])
+handleTSSImport(AVList[])
+shutdown()
+removeTSSFromExclusionList()

+getlD() : Identifier

+getConfig() : ExternalTSSConfiguration
+getStatus() : TSSStatus.
+setConfig(External TSSCofiguration)
+setStatus(TSSStatus)

See ExternalDeviceManagerClasses. %

ExternalTSSManagerimpl

ExternalTSSC:

AVElement

-m_attributeName : String
-m_value : Object

+m_id : ExternalObjectidentificationData
+extTssConfig : ExternalTSSContiguration

+create(String name, Object value)
+getName() : String
+getValue() : Object

5.8.1.9.1

+ctor(extDevMgrConfig : ExternalDeviceManagerConfig,
candidateSupporter : ExternalDeviceCandidateSupporter,
gafw : GeoAreaFactoryWrapper)

ExternalDeviceCandidateSupporter

«interface»

+getCandidatelnfo(type : ExternalDeviceType) :
ExternalDeviceCandidatelnfo[]

+setCandidatelnfo(candidates :
ExternalDeviceCandidatelnfo[])

+getExternalDeviceTypeSupported() :
ExternalDeviceType

Figure 5-152 TSSImportChartClasses (Class Diagram)

AVElement (Class)

One element of an AVList containing an attribute and a big-O-Object for storing/retrieving

objects easily

5.8.1.9.2 AVList (Class)

Generic collection of attribute and big-O-Object pairs used to move around the application.
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5.8.1.9.3 ElTaskHandler (Class)
This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.9.4 ExternalDeviceCandidateSupporter (Class)

This interface is implemented by classes that are capable of supplying external device
candidate data for the purposes of configuring external devices within CHART. Classes
implementing this interface will also be capable of accepting administator directives as to
the disposition of external device candidates (i.e. specifically excluding or including
candidate devices as "external" devices in CHART.

5.8.1.9.5 ExternalTSSCandidate (Class)
This class represents candidate TSS data from an external data source. It is populated with
external data that has been translated into a CHART-centric structure.

5.8.1.9.6 ExternalTSSFactoryWrapper (Class)
This class finds a TSS Service and provides a facade for the creation of external TSS
devices within CHART.

5.8.1.9.7 ExternalTSSManagerimpl (Class)

This class implements the External TSSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

5.8.1.9.8 ProxyExternalTSS (Class)
This class is used to cache external TSS device information. It holds and provides access to
basic configuration and status data specific to an ExternalTSS type.

5.8.1.9.9 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.

5.8.1.9.10 TSSImportHandler (Class)

This class handles the actual import of the data into the CHART system proper. It inherits
CommandQueue processing functionality from the EITaskHandler. This class maintains a
cache of candidate TSSs from the external source and keeps a cache of references to
External TSS objects in CHART. The two caches are maintained via messages received
from the external system and translated for CHART.

5.8.1.9.11 TSSImportModule (Class)

This module imports TSS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
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implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external TSS objects in chart and allows for ongoing updates
to those objects.

5.8.1.9.12 TSSImportModuleProperties (Class)

This class holds all properties needed by the TSSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external TSS data into
CHART TSS data.

5.8.1.9.13 TSSImportTask (Class)

This class is the command to process the external TSS import request received from the
translation process and bound for CHART. It is executed by the CommandQueue
asynchronously.
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5.8.1.10 TSSImportModuleClasses (Class Diagram)

«interface» «interface»
ServiceApplication ServiceApplicationModule

1 ServiceApplication m_svcApp;
DefaultServiceApplicatonProperties m_props;

initialize (ServiceApplication app) boolean|

getVersion() : Component’\/ersmn

traderGroupUpdated() :v
_shutdown(SerwceAppllcahon app)boolean

TSSImportModuleProperties

-acquirerClassName
-connectionCheckInterval
-connectionCheckStartupDelay

Corba Interface forl

«interface» reporting status for
Uniquelyldentifiable) an External System's

Connection to Chart,

A

-connectionStaleTimeout
-externalSystemID
-importDirectory

«interface»
ExternalSystemConnection

-importFilePattern
-importHostP

LF.TEPX}’EJ‘ié’.“&’!k%pncanon)

+shutdown(ServiceApplicatio

£l

+getConfig() :ExternalSysteConfig
+getStatus() :ExternalSystemStatus
+setStatus (status SimpleStatus,desc:String)

-importMode

é —lmsortPassword getConfig(): ExternalSystemConnectionConfig

] -importPort |_getStatus(): ExternalSystemConnectonStatus

: -importQueue

H -importUserName H

] —rmsXdelleé\ltarnCe H

L -translationStepClassName i

1 “testFileName Patern ExternalSystemConnectionimpl
TSSImportModule 1 1| -opCenterp nEvenSunol
-m_pushEventSupplier
-m_app: ServiceApplication [@ -opCenterName -m_config PP
-m_acquireHandler _—userNage L m_status
TSSimportDB -m_externalSystemConn —exter(r:\al y;rtemIDb -m_eventPushintervalMins:int
-m_importHandler -retryCounProperties) -m_pushEveryChangeFlag:boolean
-m_translatonHandler +getExternalSystemiD(): String -m_alertFactory: AlertFactory Wrapper
. -m_db -m_notificationMgr:NofficaionManagerWrappe
getExcludedTSSList -m_pushEventSupplier 1 1| -m_sysProfieProps:SystemProfiePropertes.

-m_startupThread PR -m_tmer :Timer
-m_ex{TSSFactory Wrapper : —-m_failWarnStatusChangeTime :long i
ExternalTSSFactoryWrapper +ctor(ExternalSy stem config:ConnectionConfig|
-m_externalTSSList: pushSup:PushEventSupplier,pushintervalMins int,
HashTable<String pushEveryChange boolean)

+getTSSFactory Wrapper()
+ge${xtTSSEa?(a)L|st() - ::ﬁmaormgnom
+getProperties
+getPushEventSupplier() :225Nonﬁcanons)lﬁ\lecessary()
—+res art() ——————’ —-sendExternalConnectionAlert()
1 1
ElTaskHandler 1
1 —
1 F
Implements Corba interface
ExternalTSSManagerimpl .4 for managing external TSS

devices.

+ctor(extDevMgrConfig :ExternalDeviceManagerConfig,
candidateSupporter :ExternalDeviceCandidate Supporter

e
ExternalDeviceManagerClasses.

L gafw :GeoAreaFactoryWrapper),

TSSimportAcquireHandler

TSSImportTranslationHandler

TSSimportHandler I

-m_incomingLog :LogFile

-m_translatonSteps :ElTranslationStep[]

-m_initialized :boolean

-m_props : TSSimportModuleProperties

-m_subscriber :

-m_translatonHandler

|- TSSimportTranslatonHandl
+createTSSImportAcquire Task (

ElMessageReceived) : TSSimportAcquireTask
+handleReceipt(EIMessageReceived)
+initialize(translatonHandler : TSSimportTranslatonHandler,

props : TSSimportModuleProperties, ExternalSystemConnectionimpl)
L—+setDatalLog(logFileName :String, logFileKeepDays :int):

L_+shutdown().

-createTranslatonSteps(TSSImportModuleProperties)
+initialize (TSSImportHandler, TSSimportModuleProperties

+createTSSTranslatonTask (AVLlst) TSSImporfTranslatonTask /Proxy ExternalTSS>

+handleTranslation(AVList)

T
-m_ex{TSSFactory : ExternalTSSFactoryWrapper
-m_candidates : Hashtable<String
/ExternalTSSCandidate>
-m_externalTSSList: HashTable<String

-m_excludedTSSList: HashTable<String
/ExternalObjectidentificationData>
l—-m_extTSSManagerImp! : ExternalTSSManager
+ctor(TSSImportModule)
+initialize(DiscoveryManager)
+createTSSImportTask (AVList])
+handleTSSImport(AVList])
+shutdown()
L—-+removeTSSFromExclusionList( ) s——

Imp

Figure 5-153 TSSImportModuleClasses (Class Diagram)

5.8.1.10.1 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.
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5.8.1.

5.8.1

5.8.1

5.8.1

5.8.1

5.8.1

5.8.1

10.2 ElTaskHandler (Class)

This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

.10.3 ExternalSystemConnection (Class)

This interface defines external connections and provides status reporting.

.10.4 ExternalSystemConnectionimpl (Class)

This class knows how to maintain the status of external connections and push them up to
the GUIL. Also, ExternalSystemConnectionAlerts and Notifications can be sent as
configured by the admin.

.10.5 ExternalTSSManagerimpl (Class)

This class implements the External TSSManager corba interface (which extends the
ExternalDeviceManger corba interface). It extends the ExternalDeviceManagerImpl class
and inherits most of its functionality from that base class.

.10.6 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

.10.7 ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
Chartll service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

.10.8 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking Service Application to perform actions such as object creation and publication.
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5.8.1

5.8.1

5.8.1

5.8.1

5.8.1

5.8.1

.10.9 TSSImportAcquireHandler (Class)

This class handles data acquisition from the external source. It inherits CommandQueue
processing functionality from the EITaskHandler. The custom Acquirer class, which
implements the EIAcquirer interface and is specified in the props, receives messages from
the external system. When a message is received from the external system a
TSSImportAcquireTast task is created and placed on a CommandQueue. When the
CommandQueue executes the task it calls TSSImportAcquireHandler.handleReceipt() to
process the message. The message is processed using the EIAcquirer interface and is
forwarded for translation to the TSSImportTranslationHandler.

.10.10TSSImportDB (Class)

This class provides a database interface for the TSSImportModule. It includes methods
needed to store and retrieve external TSS related information. In particular, a list of
excluded external TSS devices is kept.

.10.11TSSImportHandler (Class)

This class handles the actual import of the data into the CHART system proper. It inherits
CommandQueue processing functionality from the EITaskHandler. This class maintains a
cache of candidate TSSs from the external source and keeps a cache of references to
External TSS objects in CHART. The two caches are maintained via messages received
from the external system and translated for CHART.

.10.12TSSImportModule (Class)

This module imports TSS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external TSS objects in chart and allows for ongoing updates
to those objects.

.10.13TSSImportModuleProperties (Class)

This class holds all properties needed by the TSSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external TSS data into
CHART TSS data.

.10.14TSSImportTranslationHandler (Class)

This class creates and handles TSSImportTranslationTasks. It inherits CommandQueue
processing functionality from the EITaskHandler. It handles translation step classes that
are specified in the props file and customized for the specific translation needed for the data
provided by the external system. After translation the data is forwarded to the
TSSImportHandler for import into CHART.
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5.8.1.10.15Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.

5.8.1.11 TSSImportTranslationClasses (Class Diagram)

TSSIimportModule ElProperties

-m_app: ServiceApplication [\
-m_acquireHandler
-m_externalSystemConn
-m_importHandler

-m_translationHandler 1 1
-m_db g | TSSImportModuleProperties |

-m_pushEventSupplier
-m_startupThread
-m_ex{TSSFactoryWrapper :
ExternalTSSFactoryWrapper
-m_externalTSSList:

HashTable<String
|—/ProxyExternalTSS:
EfTaskHandler +initialize (ServiceApplication
+shutdown(ServiceApplication)
-m_commandQueue :CommandQueue +gefTSSFactoryWrapper ()
-m_handlerName :String +getEx{TSSDataList()
N +getProperties()
clor(String) +getPushEventSupplier()
+isShutdown() :boolean +restart()
+shutdown() :void —
+queueMsgTask(QueuableCommand) :boolean 1
1
QueableCommand - N
TSSImportTranslationHandler «interface»
ElfranslationStep
- -m_translationSteps :ElTranslationStep[]
TSSImportTranslationTask 1 10.*
.| -createTranslatonSteps (TSSImportModuleProperties) &> e &
(creates and +initalize(TSSImportHandler, TSSimportModuleProperties) +initialize(ElProperties) . )
processes +createTSSTranslationTask(AVList) : TSSimportTranslatonTask +translate(inLists:ArrayList outLists ArrayList)
+execute() +handleTranslation(AVList) I +cleanup() ]
+interrupted() L_+shutdown()
1 ]
]
[}
1 i
]
AVList AVElement 4
For R3B3 In the contextofthe TssTmddTranslationStep1 I
-m_atributeName : String TSSImportModule the listof 1
1 -m_value :Object EffranslatonSteps are ~ fp=====-| -m_transformer :javax.xmltransform.Transformer
+create() & specific to TMDD with RITIS |
+add(String, Object) +create(String name, Objectvalue) extensions. Translaton step +initialize(TSSImportModuleProperties) I
+get(String) :AVElemen +getName() :String | class names are specified in
+get() : AVElement]] +getValue() :Object the TSSImportModuleProperties |
+clear()

Figure 5-154 TSSImportTranslationClasses (Class Diagram)

5.8.1.11.1 AVElement (Class)

One element of an AVList containing an attribute and a big-O-Object for storing/retrieving
objects easily

5.8.1.11.2 AVList (Class)

Generic collection of attribute and big-O-Object pairs used to move around the application.

5.8.1.11.3 ElProperties (Class)

This class supports properties that are generic to all External Interface modules such as log
filenames.
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5.8.1.11.4 ElTaskHandler (Class)

This class is the base class for the EI Task Handlers. It manages a command queue that is
used to process EI tasks (CommandQueable) objects.

5.8.1.11.5 ElTranslationStep (Class)

An ElTranslationStep is the base class for all translations. Implementing translations define
how to translate from a particular type of AVList to another particular type of AVList.

5.8.1.11.6 QueableCommand (Interface)

This interface is implemented by objects that can be placed on a command queue.

5.8.1.11.7 TSSImportModule (Class)

This module imports TSS data from an external source. The module allows for
customizable (data source specific) data acquisition and translation using custom classes
implementing generic interfaces). The module provides an ExternalDeviceManager
interface used for configuring external TSS objects in chart and allows for ongoing updates
to those objects.

5.8.1.11.8 TSSImportModuleProperties (Class)

This class holds all properties needed by the TSSImportModule including the name of the
customized class used to acquire data from the external data source. Also, the name of the
customized classes used to define the steps needed to translate the external TSS data into
CHART TSS data.

5.8.1.11.9 TSSImportTranslationHandler (Class)

This class creates and handles TSSImportTranslationTasks. It inherits CommandQueue
processing functionality from the EITaskHandler. It handles translation step classes that
are specified in the props file and customized for the specific translation needed for the data
provided by the external system. After translation the data is forwarded to the
TSSImportHandler for import into CHART.

5.8.1.11.10TSSImportTranslationTask (Class)

This class wraps an external TSS inventory or status message so it can be put on a
command queue. When the command queue calls the execute() method, this class invokes
the TSSImportTranslationHandler to translate it into CHART-centric TSS data.

5.8.1.11.11TssTmddTranslationStep1 (Class)

This class represents step one of a one step translation which will translate TMDD TSS
inventory and TSS status messages to CHART-centric terms. An example of when a
multiple step translation may be needed is when a complex message needs to be simplified
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before further translation can be done. Multiple simple steps may be able to accomplish
what one complex step could. For ease of maintenance, multiple steps may be better in
that case.

5.8.2 Sequence Diagrams

5.8.2.1 DMSImportAcquireTask:execute (Sequence Diagram)

This diagram depicts the behavior of the execute() method of the DMSImportAcquireTask.
It is called when this task reaches the head of the Acquire command queue. This method is
responsible for breaking the external message into individual DMS messages (inventory
and status). A special case it handles is that it must place a marker in the message stream
after the complete set of refresh events are received after a reconnect with RITIS. After the
Translation Handler passes this marker to the DMS Import handler, the DMS Import
handler knows that all external DMS objects have recently been refreshed and it should
close all events whose last update time is older than the time in the marker message.
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o

N

Acquire
Jeq

Queue

| TSSImDorLAcquireTaskl | TSSImportAcquireHandler |

[-execute(EIMessage)

handleReceipt(EIMessage)®

voict

void

decode(EIMessage)——»

[* for _eacr dmslInventory
in

TSSImportRitisAcquirer

TSSAtisImportTranslationHandler

|

Validate XML if configured to. %

——[MSG_NAME == "TSS_INVENTORY'}——

extract next tssInventory.
from EIMessage

ElMessage]
—task = createTSSTranslationTask(tssInventory|
Ko Import TSSTrans lation Task
4—m_forwarder.forward(task)
queueMsgTask(task)
void
void log error if bad extraction or

——error creating task or
error queuing task

[* for each dmsStatus

else [MSG_NAME == "TSS_STATUS'}

extract tssStatus,
from EIMessage

create

TranslationTask

puts TSS translation task on
translation queue i

create:

in EIMessage]
—task = createTSSTranslationTask(tssStatus)T—»
(o Import TSSTrans lation Task:
4—m_forwarder.forward(task)
seueMsgTask(task)
void
void log error if bad extraction or

puts TSS translation task on
translation queue

error creating task or
error queuing task ‘

“4—m_forwarder.forward(task)

else [MSG_NAME == "TSS_REFRESH"

—task = createTSSTranslationTask(tssRefresh)

1

—»

-ImportTSSTranslationTask

queueMsgTask(task)

void

voidt

| Trans ask
T

create

tell downstream a refresh
was received so delete the TSS
candidate list and start a new one

—log unknown msg:l

boolean

Figure 5-155 DMSImportAcquireTask:execute (Sequence Diagram)
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5.8.2.2 DMSImportHandler:getCandidates (Sequence Diagram)

The DMSImportHandler.getCandidates() method is part of the
ExternalDeviceCandidateSupporter interface and is called by the
ExternalDeviceManagerImpl. The collection of ExternalDMSCandidates if traversed to
created a list of ExternalDeviceCandidate objects used by the ExternalDeviceMangerImpl.
It the candidate is in the list of ExternalDMS objects know to Chart, the candidates
INCLUDED flag is set. It the candidate is in the excluded list, the candidate's
EXCLUDED flag is set. Note: if the candidate is in both lists, we assume the Include list is
correct and remove it from the excluded list. Only one flag should be set. The Correctly
populated list of ExternalDeviceCandidates is then returned to the caller.

Called as partofthe
ExternalDeviceCandidateSupporter

interface. . .
| m_externalDMSList| | m_excludedDMSList;
MSimportHandler Hashtable Hashtable

[ i
ExternalDeviceManagerimpl “
\
\
\

getCandidates()
returnCandidates:
reate() ArrayList
(*m_candidates } > <ExternalDeviceCandidateInfo>]

———includedboolean =,
contains(candidate key)

Loop thru m_candidates | Ifcandidate is in both lists,
which is a collection of —————excludedboolean = _______gu this is a mistake. Trustthat
ExternalDMSCandidate contains (candidate key) the m_externalDMSListis
-4 objects. i correctand remove itfrom
= [mcl;gggé&? the Exclusion list.

Note:the exclusion listwillneed
to be persisted when
changed.

remove(candidate key)

t—excluded = false:

extDeviceCandidate:
ExternalDeviceCandidateinfo

create(candidate.m_id, ..., exclluded,included,
]
]

add(extDeviceCandidate)

r returnCandidate

Figure 5-156 DMSImportHandler:getCandidates (Sequence Diagram)
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5.8.2.3 DMSImportRitisAcquirer:connectlifNecessary (Sequence Diagram)

This diagram depicts the connectIfNecessary() method of the DMSImportRitisAcquirer
class. This method is called at initiation and periodically after that. When invoked, if the
RITIS connection is failed or stale (no activity on the connection for while - see properties),
it attempts a reconnection. Its primary duty is to rebuild the JMS connection with RITIS by
registering to have the OnMessage() method called whenever RITIS has a message to send.
It is expected that the stale connection value will be large enough to not present a
performance problem for either CHART or RITIS but small enough to be responsive to
users if the connection is temporarily lost. The RITIS connection status is updated if a
reconnect is attempted.

ConnectionTimerTask

or
DMSImportRitisAcquirer.initialize()

connectlfNecessary
ExternalSystemConnectiol

nimpl)

DMS |mportRitisAcquire:
]

——p

|
ExternalSystemConnectionl m%I

onnStat = getStatus()

€ommmmmmc e e e ExternalConnectionStatus

[connStat.statusvalue == FAILED OR
now - connStat.statusTime > PROP_KEY_max_stale]

cIeanupConnection()—l

obtain RITIS-specific userName, password,
queueName, and JMS connection string from props |

+—ctor(activeMQConnect ion)_’lActiveMQConnectionF actor |

m_queueConnection = createQueueConnectiog.
(m_userName, m_password)

\€--=--] [ errors ] throws JMSException====4
s QueteConnection ———————— J °reate"| ww!

start()

1)
(SEEEEEEEE [ queue fails to start] throw JMSException=====<== E

m_session = createQueueSession(NOTj’RANSACTED »

i—creat &JM

Session. AUTO_ACKNOWLEDGE)
]

All this to register

DMSImportRitisAcquirer's
onMessage method as a
receiver of a JMS queue

]

jms.QueueSession|
(]

l‘“"‘[ _transaction or acknowledgement modes not supported_ _ __
or internal error] throw JMSException
e---mommmmm oo QueueSession===j-=

)
[
ActiveMQQueu

———————————————topiC : ActiveMQQueu:e = ctor(queueName)

m_subscriber : QueueReceiver =

createReceiver(topic)

e L L L L L LT _---_a[internal error] throw JMSException = ===

T T [invalid queue] throw Inv'alldDestmatlonExceptlon--
1

- QueueReceiver

create— .l QueueReceiver I

setExceptionListener(this);

tMessageListener(this)
e}

1
[ not in test mode ] setStatusOK()

——m_connectionLastUseTime = now—-

set m_receiver,

]

?wh r——cleanupConnection() _--4 m session, and
I-"" m_queueConnectio!
! to null if not null
[ not in test mo&e] setStatusFail()

Figure 5-157 DMSImportRitisAcquirer:connectIfNecessary (Sequence Diagram)
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5.8.2.4 DMSImportRitisAcquirer:initialize (Sequence Diagram)

This diagram depicts the initialize() method of the DMSImportRitisAcquirer class. After
attempting to connect to RITIS and updating the connection status, it kicks off a periodic
task that checks the connection status (see connectlfNecessary()) and reconnects, if

necessary.

| 11 1
DMSimportAcquireHandleiDMSImportModuleProperties

initialize(

[—DMSImportTranslatonHandler ——g
DMSImportvoduleProperties
ExternalSystemConnectionimpl)

L—className:String =
getAcquireClassName()

initialize (EIForwarder, props

Created using

newInstance()

Class forName(className),

o MSImportRitis Acquirer

/”
"
.

CastElPropertes to
DMSImportModuleProperties
T

newlnstance()=4

ElProperties, LogFilgy
ExternalSystemConnectionimpl) 5

rops = (DMSImporﬂ\/IodulePro'perﬁes)props

m
. L\
setother member varriables:m_forwarder,m_acquirerLogFile'
m_extSysConnimpl. |
lfconfigured to validate XML
createvalidatorandset | __o==-1 [m_props validateEvents () -
m_validateXML = true. Details
leftfor implementation, ~e 'm_validateXML =true™————]
~<d

"""" 'm_initializ:

——[m_props getTestMode

i_m_validator = new javaxmlvalidation Validatorg

']

—ctor(TRUE)™ )

Fm_initalized = trueq

m_timer:
java.util.Timer
T

OP_KEY_connec

——connectionTask = ctor(this) leConnectionTimerTask
N ——

schedule(connectionTask,
PROP_KEY_connectionCheckStartupDelay,
PR i

tonChecklnterval)

sometime later on
scheduled intervals ...

—————————onnectiNecessary ()

run

0]

m timer:

reate

frue):

java.util.Timer .

MI

Timer task periodically.
reads DMSstatus and
%:onﬁguraﬂon data from
les.

\,rea1e(1his,m7props,
schedule(testTimerTask,
m_props getTesfFileIntervalMilits)

1
[}

]
——=m_props gefTestFileIntervalMilis —I—a

estFileTimerTask

Figure 5-158 DMSImportRitisAcquirer:initialize (Sequence Diagram)
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5.8.2.5 DMSImportRitisAcquirer:onMessage (Sequence Diagram)

This diagram depicts the onMessage() method of the DMSImportRitisAcquirer class. This
method is called when RITIS has a DMS inventory or status message for CHART. To
ensure CHART is responsive to RITIS, the onMessage() method's only job is to create an
Acquire task containing the external message and put it on the Acquire command queue in
the proper format and be ready for the next message from RITIS.

o

. For lab testing:create a timer task that
) FF]LS’\?/IIQQ periodically looks for a file (specified pattern in
RITIS lavaxms Message props like " xml") containing RITISxml messages, calls
queue DMSImportRitis Acquirer onMessage(message),
then deletes the file

T
]
1

DMSImportRitis Acquirer | ExtemalSvstemConnecn‘onImpl! |DMSImoor1AcquireHandIer

)
(]
(]
(]
)
)
)
)
)
]
]
a

onMessage(message :javaxjms .Messageﬂ:

]
—try ——
rconvertmessage to javax jms .TexMessage-I
[l

ke

L—convertTextMessage to msg :EIMessage—l

'm_forwarder prepare(EMessage) .
— i DOMsimportAcquire Task |
v ok = clor(msg, tis)—8] DMSmportAcquireTask

putmessage task D\

onacquire queue LqueueMsgTask(task) :boolean: '
== -l ]
]
| SEEEEEELELELEEEELTEELLEES boolean=====j LT TPt 1 H
] ]
: : : '
p———=m_connectionLastUseTime = now—l ] ]
] ] ]
ke [l [l
catch
s ctStatus Failed("Error receiving RITISMessage" )=
: finally
@—acknowledge()—— acknowledge() tells
H — jms queue notto resend
this javax jms Message

X

Figure 5-159 DMSImportRitisAcquirer:onMessage (Sequence Diagram)
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5.8.2.6 EventimportModule:ExtSysConnStatusUpdate (Sequence Diagram)

This diagram depicts the setStatus() method for the ExternalSystemConnectionImpl.
the state changes a CORBA event is pushed with the current status. An event is pushed on

any update, if con

figured to do so.

X

[ |
ExtemalSystemConnectionlmpll

setStatus(status:SimpleStatus N
desc:String)

——m_status.statusConfirmTime = NOWﬁ

origiStatus:SimpleStatus =

m_status.statusValue

Store original statusL"
value for later.

[ m status.statusVaule != status
|| desc !=m_status.statusDesc ]

—stateChanged:boolean = true—]

—m_status.statusDesc = desc—‘:]'

m_status.statusValue = statusﬁ

Note: Any acces to m status B
should be synchronized in

the ExternalSystemConnection

class.

Note: An optional timer task will
push Corba status events based on a
configurable interval.

Note: At construction the status
will be set to FAILED with the assumptio
that one of these methods will
be called shortly after this object
is registered in the trader.

=1

——m_status.statusChangeTIme = NOW;-ﬁ/

pushStatusEvem()ﬁ

L—[ stateChanged | m_pushEveryChangeFlag ]—

[ status == SimpleStatus.OK ]
t——m_failWamStatusChangeTime = Oﬂ

[ (status == FAILURE &&
origStatus == OK) ||
(status == WARNING &&
origStatus == OK) ]

—nm_failWamStatusChangeTime = NOWﬁ

setWarmningIfOK
desc:String)

——1[ m_status.statusValue == SimpleStatus.OK ]——

setStatus(SimpleStatus.WARNING, desc)ﬁ

if desc is NULL,
.-”1 setstatusDesc to
empty string.

OR configured to push on

Push event if state had changed
every status update

For the purpose of sending notificatsion /

toward our threshold waiting period before
1 notification/alert is sent.

ExtSysConn alerts for failure/warning states,
1 time spentin Failure OR Warning state counts

If

Figure 5-160 EventImportModule:ExtSysConnStatusUpdate (Sequence Diagram)
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5.8.2.7 EventimportRitisAcquirer:connectlifNecessary (Sequence Diagram)

X

ConnectionTimerTask

or
EventlmportRitisAcquirer.initialize()

ExternalSystemConnectionImpl)

—
Eventlm %rt Rit isAcguirer

ExternalSystemConnectionImpl

connectlfNecessary( >

onnStat = getStatus()

[connStat.statusvalue == FAILED O
now - connStat.statusTime > PROP_KEY_max_stale]

cleanupConnect ion()—l

obtain RITIS-specific userName, password,
queueName, and JMS connection string from props |

r—ctor(activeMQConnection)
)

1
_)‘Act iveMQ ConnectionFactorxi
)

- : P
m_gueueConnection = createQueueConnectlog.,
[l

(m_userName, m_password)

€-=-===cccmcccccccnnnaaa- ExternalConnectionStatus=============cccccccau- <

All this to register
EventImportRitisAcquirer's
(OnMessage method as a
receiver of a JMS queue

[
jms.QueueSession

by [ errors ] throws JMSException-----:
Kmmmmmmm e e QueueConnectionr======== jcreate.l'avax.'ms.QueueConnection
)
1)
i E :
i tart () T ::
[ IEEEE { queue fails to start] throw JMSException-------- 1
H m_session = createQueueSession(NOT_TRANSACTED li
' Session.AUTO_ACKNOWLED'G E) H
' : '
"____ transaction or acknowledgement modes not s_l.ppgrle_d_____i ]
| or internal error] throw JMSExIception createpy 222X
S QueueSession---:- -------------

)
topic : ActiveMQQueue = ctor(queueName)
m_subscriber : QueueReceiver =

createReceiver(topic) H

{internal error] throw JMSException====1
===<[invalid queue] throw InvlalidDestinationException-

==QueueReceiver========= -

)
ActiveMQQueu
g

QueueReceiver|

setMessagelistener(this
setExcept ionListener(this)'—‘-

catchy

. )
{ ot in test mode ] setStatusOK(J—+ »
1 )
r—m_connectionLastUseTime = now— : E
)
)
set m_receiver, B H
j——cleanupConnection() _--- m_session, and '
I--‘ -- m_queueConnection H
ke H to null if not nul H
' ' i
} [ not in test mode ] setStatusFail(y »
)
:
]
]
] )
- ' '

Figure 5-161 EventImportRitisAcquirer:connectIfNecessary (Sequence Diagram)
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5.8.2.8 ExternalDeviceManagerimpl:searchCandidates (Sequence Diagram)

This sequence diagram depicts the processing involved when a client requests a search of
external device candidates. The ExternalDeviceManagerImpl utilized a
ExternalDeviceCandidateSupporter to retrieve a list of ExternalDeviceCandidates. The
ExternalDeviceCandidateSupporter interface is implemented by either the
DMSImportModule's DMSImportHandler or the TSSImportModule's TSSImportHandler.
If the search criteria passed in from the client contains GeoAreas to search, a list of
Polygons representing the GeoAreas to be searched is created. The search criteria is
applied to the candidates in order to build a list of candidates meeting the search criteria.
This result is returned to the client after being wrapped in a CandidateGroup object.

o m_candidateSupporter:
x ExternalDeviceManagerimp) ExternalDeviceCandidateSupporter | | GeoAreaFactoryWrapper GeoArealtil

searchForCandidateDevices(. >
criteria: CandidateSearchCriteria)

. will return a correctly populated array of
getCandidatelnfol___y ExternalDeviceCandidatelnfo objects bas
m_config.extDeviceType) on its current state.

The ExternalDeviceCandidateSupporter ﬁ
ed

Createan ArrayListof  IN' =T
ExternalDeviceCandidatelnfo ="
objects to return. |€- --candidates: ExternalDeviceCandidatelnfo[]- -4
‘\
Ay "
o " turnCandidates:
If criteria contains reate( C p
GeoAreas to / ArrayList
Search, build a list

of Polygons used
for searching.

[ criteria.geoAreaNames.size() > 0 ]

-area:GeoArea[] = getGeolAreas()—U-
] ]
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5.8.2.9 ExternalDeviceManagerimpl:setCandidates (Sequence Diagram)

The sequence diagram depicts the ExternalDeviceManagerImpl.setCandidates() method.

This method is called by the gui to apply directives for configuring External Devices. The
method will validate the data passed from the gui and throw an exception if invalid data is
found. After validation the ExternaDeviceManagerImpl will call the
ExternalDeviceSupporter interface (implemented by the DMSImportHandler in this
diagram) to set the external device candidate directives. For each
ExternalDeviceCandidateInfo object passed in, follow the directives in each object to

maintain the lists of include ExternalDMS objects as well as excluded ext devices.

Forthis diagram this supporter is the DMSImportHandler.
Similar activites will be done by the TSS ImportHandler.

H
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5.8.2.10 ExternalinterfaceModule:dmsTranslationStep1Translate (Sequence Diagram)

This diagram depicts the translation of external event messages into Chart Event data. The
DMSAtisTranslationStep1.translate() method is called by the
DMSImportTranslationHandler.handleTranslation() method. It takes in a AVList

and based on the message name processes it accordingly. For EVENT related messages it

pulls the XML string from the first element in the AVList.

This xml string contains

information for one specific event or incident. It transforms the XML into a CHART-
specific XML string using XSL Transformation. The resulting XML string is then added

the outbound AVList and the method returns.

done. The message is just added to the outbound AVList and the method returns.

X

| DMSAtis Trans lationStep1 I

ArrayList:
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[ [*inList}

T - av|:AVList= inListiterator.l next()_ﬁ‘ b
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XML (outXML).. _
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Figure 5-164 ExternallnterfaceModule:dmsTranslationStep1Translate (Sequence
.
Diagram)
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5.8.2.11 ExternalinterfaceModule:handleDITranslationTask (Sequence Diagram)

This diagram depicts how each DMS message is iterated on as it is translated from the
external XML format into the internal format. The result is put on the
DMSImportHandler’s command queue for use as a candidate object and possibly to update
the status or configuration of an external DMS that has already been imported.

DMSImportTranslationT ask]

DMSImport T ranslationHandler

CommandQueue

——execute()——>4
handleT ranslation( >
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| DMSIm@rtTranslationSteEI
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reate()

reate()

add(inAv)
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—{x>0]

inList = out
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between steps.,
inList.clear();

ew ArrayList()
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RANSLATION_SUCCESS ]
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task:DMSImportTa
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[
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5.8.2.12 ExternalinterfaceModule:handleDMSImportTask (Sequence Diagram)

This diagram depicts how the translated DMS inventory and status messages are used to
update an external candidate DMS (in case an administrator wishes to import that object)
and to update the inventory or status of an external DMS that has already been imported.

DMSImportTask.
execute()
handleExternaIImpor\_y
(extDMSData: AVList])
K- - externalDMSData ==nullj- 5
row CH A%TZExepnan

1
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three consecutive tmes on these operations
results in a callto the ExternalD MSModule for
amodule restart(). This retry limitofthree can
be setthrough the properties file

gyDMSConﬁguranon ExternalDMSConﬁgurahon se1DMSConﬁguranon(lemp)
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5.8.2.13 ExternallnterfaceModule:handleExternallmport (Sequence Diagram)

This diagram shows how the EventImportHandler class imports external events. After
copying the XML from the translation handler into an AVList, it validates the data. If
invalid it logs that it is ignoring the event. If valid, it populates the BasicEventData
structure. It then looks for the external event in the ObjectCache based on the agency
identification and event Identification. If the event exists it updates the event using the
TrafficEventFactoryWrapper. If the event is new, it calls TrafficEventFactoryWrapper's
createExternal TrafficEvent() method to add the new event to the factory which, in turn,
updates the Object Cache.

TrafficEvent

o
: EventimportHandler EventimportRules TrafficEventFactoryWrapper
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newly created event to hashTable. org id based on ext : AlertFactoryWrapper
If not call updateTrafficEvent. createChartToken(AVList) agency mapping. 4 :
Look for event key in Object cache
based on agencyldentification,
e (8 s S and eventidentification i
“——=if not EventExist(key) |
o § . % yWrapp:
includeEvent: boolean = in¢ludeEvent(Basic EventData)—>._ If event exist we get reference to heilizationfacior/irappor
~—_{includeEvent|— createExternalTrafficEvent TrafficEvent '(om Object cache
S~ (byte[], Eventlnjitiator, eventType, BasicEventData, F
T nyll,null,LaneConfig false)
endNotificationsifNecdssary(Basic EventData) i
ExternalEventAlert()
T alEventNotification()
——— createExternalTrafficEvent 5
addToTrafficEventList(key, TrafficEvent) ™|  Only apply import [}, Eventinitiator, eventType, BasicEventData, %
for * numberQfTry S rules on the creation . null,null,LaneConfig,false)()
of a new traffic event |
else— {
i :updateT ventDatg Data)
endNotificatior BasicEventData)——.._ RN |
S alEvertAlert() :
=l S nalEventNotification()
Do not apply import )
[ca(ch b UMDEIOATry++ rules to traffic event Eventimportiodule
updates
Lif(numberOfTry =_
property.retryNumber
-shutdown ()
restart()
returr
AccessDeniedExceptior
UnknownEventType T ception
HART2Exception:
New for R3B3 5
return

Figure 5-167 ExternallnterfaceModule:handleExternallmport (Sequence Diagram)

CHART R3B3 Detailed Design

5-235

12/23/2008



5.8.2.14 ExternalinterfaceModule:handleTITranslationTask (Sequence Diagram)

This diagram depicts how each TSS message is iterated on as it is translated from the
external XML format into the internal format. The result is put on the TSSImportHandler’s
command queue for use as a candidate object and possibly to update the status or
configuration of an external TSS that has already been imported.

i TSSImportTranslationT ask| TSSI m@rtTransIationHandIe[I |TSSI mportTranslat ionStegI TSSImportHandler
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Figure 5-168 ExternallnterfaceModule:handleTITranslationTask (Sequence Diagram)
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5.8.2.15 ExternalinterfaceModule:handleTSSImportTask (Sequence Diagram)

This diagram depicts how the translated TSS inventory and status messages are used to
update an external candidate TSS (in case an administrator wishes to import that object) and
to update the inventory or status of an external TSS that has already been imported.
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5.8.2.16 ExternalinterfaceModule:initializeDMSImportModule (Sequence Diagram)

This diagram depicts the initialization of the DMSImportModule. After the props file is
read the ExternalSystemInterface is created and activated with the ORB. The Handlers are
created and then initialized in this order: DMSImportHandler,
DMSImportTranslationHandler, DMSImportAcquireHandler. Note that the
DMSImportHandler may wait forever looking for a valid DMSFactory. This is intentional
because without the factory, the other handlers have nothing to do.
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5.8.2.17 ExternallnterfaceModule:initializeEventimportModule (Sequence Diagram)

This diagram depicts the initialization of the EventlImportModule. After the props file is
read the ExternalSystemInterface is created and activated with the ORB. The Handlers are

created and then initialized in this order: EventImportHandler,

EventImportTranslationHandler, EventImportAcquireHandler. Note that the
EventImportHandler may wait forever looking for a valid TrafficEventFactory. This is
intentional because without the factory, the other handlers have nothing to do.
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5.8.2.18 ExternalinterfaceModule:initializeTSSImportModule (Sequence Diagram)

This diagram depicts the initialization of the TSSImportModule. After the props file is
read the ExternalSystemInterface is created and activated with the ORB. The Handlers are
created and then initialized in this order: TSSImportHandler,
TSSImportTranslationHandler, TSSImportAcquireHandler. Note that the
TSSImportHandler may wait forever looking for a valid TSSFactory. This is intentional
because without the factory, the other handlers have nothing to do.
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5.8.2.19 ExternalinterfaceModule:restartDMSImportModule (Sequence Diagram)

X

Defauit
Service

This diagram depicts the restart process of the DMSImportModule. It begins with the
creation of a restart task that manages the restart process independent of the calling method.
It is important to point out that the module itself does not restart as the method name might
imply. Rather, the three event import data handlers, the DMSImportHandler, the
DMSSImportTranslationHandler, and the DMSImportAcquireHandler, are each shutdown
and restarted with the intent of purging and resetting the data import queue. Order matters
and the handlers are stopped in the reverse order from their original startup. During the
time in which the data handlers are shutdown, the external connection status is forced to
"failed" to bring about a connection reset with the external data source. Once this is
complete, the restart task creates the event import data handlers anew. All three handlers
being successfully created, they are, in turn, initialized so that they begin the external event
import processing.
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Figure 5-173 ExternallnterfaceModule:restartDMSImportModule (Sequence Diagram)
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5.8.2.20 ExternalinterfaceModule:restartDMSImportModule (Sequence Diagram)

This diagram depicts the restart process of the TSSImportModule. It begins with the
creation of a restart task that manages the restart process independent of the calling method.
It is important to point out that the module itself does not restart as the method name might
imply. Rather, the three event import data handlers, the TSSImportHandler, the
TSSImportTranslationHandler, and the TSSImportAcquireHandler, are each shutdown and
restarted with the intent of purging and resetting the data import queue. Order matters and
the handlers are stopped in the reverse order from their original startup. During the time in
which the data handlers are shutdown, the external connection status is forced to "failed" to
bring about a connection reset with the external data source. Once this is complete, the
restart task creates the event import data handlers anew. All three handlers being
successfully created, they are, in turn, initialized so that they begin the external event
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Figure 5-174 ExternallnterfaceModule:restartDMSImportModule (Sequence Diagram)
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5.8.2.21 ExternallnterfaceModule:restartTSSImportModule (Sequence Diagram)

This diagram depicts the restart process of the TSSImportModule. It begins with the
creation of a restart task that manages the restart process independent of the calling method.
It is important to point out that the module itself does not restart as the method name might
imply. Rather, the three event import data handlers, the TSSImportHandler, the
TSSImportTranslationHandler, and the TSSImportAcquireHandler, are each shutdown and
restarted with the intent of purging and resetting the data import queue. Order matters and
the handlers are stopped in the reverse order from their original startup. During the time in
which the data handlers are shutdown, the external connection status is forced to "failed" to
bring about a connection reset with the external data source. Once this is complete, the
restart task creates the event import data handlers anew. All three handlers being
successfully created, they are, in turn, initialized so that they begin the external event
import processing.
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Figure 5-175 ExternallnterfaceModule:restartTSSImportModule (Sequence Diagram)
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5.8.2.22 ExternalinterfaceModule:shutdownDMSImportModule (Sequence Diagram)

This diagram depicts the shutdown of the DMSImportModule. The startup thread is
shutdown if for some reason it is still running. The ExtSysConnlmpl is cleaned up

accordingly. Note: in the shutdownTSSHandlers() method, handlers are shutdown in the
reverse order they were originally initialized in.
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5.8.2.23 ExternallnterfaceModule:shutdownTSSImportModule (Sequence Diagram)

This diagram depicts the shutdown of the TSSImportModule. The startup thread is
shutdown if for some reason it is still running. The ExtSysConnlmpl is cleaned up

accordingly. Note: in the shutdownTSSHandlers() method, handlers are shutdown in the
reverse order they were originally initialized in.
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5.8.2.24 ExternallnterfaceModule:tssTranslationStep1Translate (Sequence Diagram)

This diagram depicts the translation of external TSS messages into Chart TSS data. The
TssTmddTranslationStep1.translate() method is called by the
TSSImportTranslationHandler.handleTranslation() method. It takes in a AVList and based
on the message name processes it accordingly. For TSS related messages it pulls the XML
string from the first element in the AVList. This xml string contains information for one

specific TSS (inventory or status).

It transforms the XML into a CHART-specific XML

string using XSL Transformation. The resulting XML string is then added the outbound
AVList and the method returns. For REFRESH messages no translation is done. The
message is just added to the outbound AVList and the method returns.
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Figure 5-178 ExternallnterfaceModule:tssTranslationStep1Translate (Sequence Diagram)
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5.8.2.25 ExternalSystemConnectionimpl:init (Sequence Diagram)

This diagram depicts the initialization of the ExternalSystemConnectionImpl. First, the
AlertFactoryWrapper, NotificationManagerWrapper , and SystemProfileProperties private
members populated along with the remain members which are passed in as arguments. A
java.util. Timer object is created to support one or more TimerTasks. A TimerTask is
created/sceduled to push out ExternalSystemConnection status events on a regular interval
if configured to do so (configured statically in props file). A TimerTask is
created/schedule to monitor external system connection alert/notification setting (System
Profile Properites) and conditionally create notifications and ExternalSystemConnection
alerts if connection goes in to a Failure or Warning state for a configurable amount of time.
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Figure 5-179 ExternalSystemConnectionImpl:init (Sequence Diagram)
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5.8.2.26 ExternalSystemConnectionimpl:sendNotificationslfNecessary (Sequence
Diagram)

The ExternalSystemConnectionImpl.sendNotificationsIfNecessary() method is called from
a TimerTask every minute to determine if notifications / alerts need to be created to convey
Failure/Warning information about the connection represented by the impl.
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Figure 5-180 ExternalSystemConnectionlmpl:sendNotificationsIfNecessary (Sequence
Diagram)
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5.8.2.27 TSSImportAcquireTask:execute (Sequence Diagram)
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This diagram depicts the behavior of the execute() method of the EventImportAcquireTask.
It is called when this task reaches the head of the Acquire command queue. This method is
responsible for breaking the external message into individual traffic event messages. A
special case it handles is that it must place a marker message in the message stream after the
complete set of refresh events are received after a reconnect with RITIS. After the
Translation Handler passes this marker to the Event Import handler, the Event Import
handler knows that all traffic events have recently been refreshed and it should close all
events whose last update time is older than the time in the marker message
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Figure 5-181 TSSImportAcquireTask:execute (Sequence Diagram)
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5.8.2.28 TSSImportRitisAcquirer:connectlfNecessary (Sequence Diagram)

This diagram depicts the connectIfNecessary() method of the TSSImportRitisAcquirer
class. This method is called at initiation and periodically after that. When invoked, if the
RITIS connection is failed or stale (no activity on the connection for while - see properties),
it attempts a reconnection. Its primary duty is to rebuild the JMS connection with RITIS by
registering to have the OnMessage() method called whenever RITIS has a message to send.
It is expected that the stale connection value will be large enough to not present a
performance problem for either CHART or RITIS but small enough to be responsive to
users if the connection is temporarily lost. The RITIS connection status is updated if a
reconnect is attempted.
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Figure 5-182 TSSImportRitisAcquirer:connectIfNecessary (Sequence Diagram)
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5.8.2.29 TSSImportRitisAcquirer:initialize (Sequence Diagram)

This diagram depicts the initialize() method of the TSSImportRitisAcquirer class. After
attempting to connect to RITIS and updating the connection status, it kicks off a periodic
task that checks the connection status (see connectlfNecessary()) and reconnects, if

necessary.
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Figure 5-183 TSSImportRitisAcquirer:initialize (Sequence Diagram)
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5.8.2.30 TSSImportRitisAcquirer:onMessage (Sequence Diagram)

This diagram depicts the onMessage() method of the TSSImportRitisAcquirer class. This
method is called when RITIS has a TSS related message for CHART. To ensure CHART
is responsive to RITIS, the onMessage() method's only job is to create an Acquire task
containing the external message and put it on the Acquire command queue in the proper
format and be ready for the next message from RITIS.

. For lab testing:create a imer task that
jE : ’T‘.Ls’slgi periodically looks for a file (specified pattern in
RITIS lavaxjms.Message props like " xml") containing RITIS xmlmessages, calls
queue TSSImportRitis Acquirer onMessage(message),
then deletes the file

T
]
1

TSSImportRitis Acquirer | ExlernaISyslemConnecﬁonImgll | TSSImportAcquireHandler

FonMessage(message :javax jms Message=>4
)

—try———d
rconvertmessage to javax.jms .TexWIessage-l

i —convertTextMessage to msg :EIMessage—I
]
'm_forwarder prepare(ElMessage) .
f TosimportAcquire fask
'9 l—task — clor(msg, this) TSSImportAcquireTask
1 putmessage task AN
: : onacquire queue :-queueMngask(task) :boolean :
] ] == -I ]
]
———- boolean=====f======-----c------ 9 H
1
[}
.

'm_connectionLastUseTime = now_l

catch
b——s etStatus Failed("Error receiving RITISMessage" )=
] ]
]
[l ]

finally
\¢—acknowledge()—— acknowledge() tells
—_

jms queue notto resend
] this javax jms Message
]
]

X

Figure 5-184 TSSImportRitisAcquirer:onMessage (Sequence Diagram)
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5.9 GeoAreaModulePkg

5.9.1 Classes

5.9.1.1 GeoAreaModulePkg (Class Diagram)

This class diagram identifies the classes in the GeoAreaModule package. There are
dependencies on CHART utility classes as well as code generated from CHART IDL

«interface»
ServiceApplicationModule

.---------------.D

«interface»
Uniquelyldentifiable

getiD()
getName()

A

«interface»
GeoAreaFactory

getGeoAreas() :GeoAreall

addGeoArea(token AccessToken,
newGeoArea :GeoAreaData) :GeoArea

updateGeoArea(token AccessToken,
geoArea :GeoArea)

removeGeoArea(token AccessToken,
id : Identifier)

GeoAreaModulePkg

-m_svcApp :ServiceApplication

-m_db :GeoAreaDB
-m_geoAreaEventSupplier :PushEventSupplier
-m_geoAreaFactoryImpl:GeoAreaFactoryImpl
-m_props :GeoArealModuleProperties

SN

GeoAreaFactoryimpl

GeoAreaDB

+initialize (ServiceApplication) :boolean
+shutdown(ServiceApplication) :boolean
-createEventChannel(String) : PushEventSupplier
-createEventLocation(int) :boolean
-addEventLocationTypeToTrader() :void
+getVersion() : ComponentVersion

-

getGeoAreas() :GeoAreal]
addGeoArea() :boolean
removeGeoArea() :boolean

GeoAreaModuleProperties

1

1

Properties m_props;

DBConnectionManager

ServiceApplication m_serviceApp;

Figure 5-185 GeoAreaModulePkg (Class Diagram)
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5.9.1.1.1 DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

5.9.1.1.2 GeoAreaDB (Class)
The GeoAreaDB class provides database access for creating, removing and updating
GeoArea's in the Chart2 System.

5.9.1.1.3 GeoAreaFactory (Class)
This interface defines a factory responsible for managing GeoAreas with the CHART
system.

5.9.1.1.4 GeoAreaFactorylmpl (Class)
This is the implementation of the GeoAreaFactory interface. It is responsible for handling
requests related to GeoAreas within the CHART system.

5.9.1.1.5 GeoAreaModulePkg (Class)

This class provides the resources and support functionality necessary to serve
GeoAreaFactory objects in a service application. It implements the
ServiceApplicationModule interface which allows it to be installed as part of a
DefaultServiceApplication.

5.9.1.1.6 GeoAreaModuleProperties (Class)

This class represents the configurable properties of the GeoAreaModule.

5.9.1.1.7 PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
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This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.

5.9.1.1.8 ServiceApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking Service Application to perform actions such as object creation and publication.

5.9.1.1.9 Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.
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5.9.2 Sequence Diagrams

5.9.2.1 GeoAreaFactorylmpl:addGeoArea (Sequence Diagram)

This sequence diagram depicts the IDL. method addGeoArea(). If the user does not have
functional rights to perform the action an AccessDenied exception is thrown. The GeoArea
is then persisted and a GeoAreaAdded event is pushed. An Operations Log Record is
added for this operation.

i 1 I
GeoAreaFacto;ZIm;I TokenManipulator GeoAreaDB PushEventSupplie OperationsLog

ORB
addGeoArea(
token,———p!
GeoAreaData)
——checkAccess()—|
—._Inorights]____.1

AccessDenied

addGeoArea(GeoAreaData)—————»
'
[db error]
DBException

<- CHART 2Exception-4

push(GeoAreaAdded)

log(GeoAreaDatay

Figure 5-186 GeoAreaFactorylmpl:addGeoArea (Sequence Diagram)
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5.9.2.2 GeoAreaFactorylmpl:getGeoAreas (Sequence Diagram)

This sequence diagram depicts the IDL method getGeoAreas(). If the user does not have
functional rights to perform the action an AccessDenied exception is thrown. All of the

GeoArea's in the database are depersisted and returned to the ORB

GeoAreaDB

i GeoAreaFactorylmpl TokenManipulator
ORB
——getGeoAreas(token)——»
——checkAccess()—
P [no rights]ooooo__. :
AccessDenied
getGeoAreas()
S [db'_error]
DBException

Figure 5-187 GeoAreaFactorylmpl:getGeoAreas (Sequence Diagram)
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5.9.2.3 GeoAreaFactorylmpl:removeGeoArea (Sequence Diagram)

This sequence diagram depicts the IDL method removeGeoArea(). If the user does not
have functional rights to perform the action an AccessDenied exception is thrown. The
GeoArea is then deleted from the database and a GeoAreaRemoved event is pushed. An

Operations Log Record is added for this operation.

i GeoAreaFactorylmpl T okenManipulator GeoAreaDB
ORB
removeGeoArea( »
token, id)

- [norights] __
AccessDenied™ "]

——checkAccess (—

<- CHART 2Exception-

removeGeoArea (idy——

)
I [db eror]
DBException

|
PushEventSupplier

push(GeoAreaRemoved)

OperationsLog

log(idy

Figure 5-188 GeoAreaFactorylmpl:removeGeoArea (Sequence Diagram)
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5.9.2.4 GeoAreaFactorylmpl:updateGeoArea (Sequence Diagram)

This sequence diagram depicts the IDL method updateGeoArea(). If the user does not have
functional rights to perform the action an AccessDenied exception is thrown. The GeoArea
is then persisted and a GeoAreaUpdated event is pushed. An Operations Log Record is

added for this operation.

i GeoAreaFactorylmp T okenManipulator GeoAreaDB
ORB
updateGeoArea(
oken,
GeoArea)

____[norights1____
< AccessDenied 1

——checkAccess(—}

- CHART 2Exception-4

+—————updateGeoArea(GeoArea)—————p|
)

________________ [dblerror]_____-__-____-_
< DBException ]

— 1
PushEventSupplier

push(GeoAreaUpdated)

OperationsLog

>

g(GeoArea)

Figure 5-189 GeoAreaFactoryImpl:updateGeoArea (Sequence Diagram)
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5.9.2.5 GeoAreaModulePkg:Initialize (Sequence Diagram)

This diagram shows what happens when the GeoAreaModule is initialized. The
ServiceApplication calls the GeoAreaModule to initialize, which reads in the properties
from a file, overriding the default properties. It creates an event channel for GeoAreas and
publishes the channel in the trading service so that other applications can see it. It creates a
GeoAreaDB object to handle all of the database calls, and a GeoAreaFactorylmpl object to
manage the GeoAreas. The GeoAreaFactory is exported to the trading service and the
GeoAreaModule initialize method returns.

o

; : GeoAreaModule ServiceApplication

get DefaultProperties () ——————pm

-getProperties()————pl

GeoAreaModuleProperties

-getEventChannelF actory ()=—————m

2| PushEventSupplier

-getEventChannel(’

registerEvent Channel() ————pp!

-getDBConnectionManager () ————ppl

getOpLog()J————————

al GeoAreaDB

GeoAreaF actorylmpl

activate_object(GeoAreaFactory,

register_object(GeoAreaF actory)——p

Figure 5-190 GeoAreaModulePkg:Initialize (Sequence Diagram)
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5.9.2.6 GeoAreaModulePkg:Shutdown (Sequence Diagram)

When the GeoAreaModule is shut down by the ServiceApplication, it disconnects its
objects from the ORB, and releases any resources it is using.

o

N

ServiceApplication

shutdown

GeoAreaModule

O
>

GeoAreaFactory Impl

deactiv ate_object(GeoAreaFactory )————— W

shutdown()—————W

delete

v oid

delete

Figure 5-191 GeoAreaModulePkg:Shutdown (Sequence Diagram)
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5.10HARControlModulePkg

5.10.1 Classes

5.10.1.1 HARControlModule (Class Diagram)

This class diagram shows classes that support the use of Highway Advisory Radio (HAR)
devices in the Chart II system. Details are only shown for classes that exist specifically for
HAR control. Auxiliary classes used from other various utility or system interface
packages are shown by name only.
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Figure 5-192 HARControlModule (Class Diagram)
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5.10.1.1.1 ArbitrationQueueEnabled (Class)

ArbQueueEnabled is a synonym for ArbitrationQueue. An ArbitrationQueue is a queue
that arbitrates the usage of a device. The evaluation of the queue determines which
message(s) should be on the device, based upon the priority of the queue entries. When
entries are added to the queue, they are assigned a priority level based on the type of traffic
event with which they are associated, and also upon the current contents of the queue. The
priority of the queue entries can be modified after they are added to the queue. The queue
is evaluated when the device is online and queue entries are added or removed, when an
entry's priority is modified, or when the device is put online.

5.10.1.1.2 ArbQueueEntry (Class)

This class is used for an entry on the arbitration queue, for a single message, and for a
single traffic event. (It is possible, in the case of HARNotifierArbQueueEntry objects, that
certain ArbQueueEntries can be on behalf of multiple TrafficEvents. In such cases, one
TrafficEvent among all those involved is picked to be the responsible TrafficEvent stored in
m_indicator, the ArbQueueEntrylIndicator for the entry.)

5.10.1.1.3 AudioClipManager (Class)

This interface provides a way to store audio data associated with
HARMessageAudioDataClip objects, converting the HARMessage AudioDataClip objects
to HARMessageAudioClip objects in the process. The HARMessageAudioClip objects are
created with a reference back to the AudioClipManager in them, so that the audio clips
themselves can provide access to the audio data (through their stream() interface), by
contacting the AudioClipManager (an AudioClipStreamer) to stream the data. The
AudioClipManager also provides a capability for various AudioClipOwners to register and
deregister their "interest" in a specific clip. When a clip no longer has any interested
owners, it can be (and is) deleted from the database.

5.10.1.1.4 AudioDataCollector (Class)

This object is used to stream a HARMessageClip and write the streamed audio .wav data to
a .wav file. Itis used as a utility by the HARSlotManager to prepare HARMessageClips for
download into the HAR (which is accomplished via the ISSAPS5SHARProtocolHdlr by
passing the file name of the .wav file into it).

5.10.1.1.5 AudioPushConsumer (Class)

This interface is implemented by objects that wish to receive audio data using the push
model, where the server pushes the data to the consumer. One call to
pushAudioProperties() will always precede any calls to pushAudio(). When the
AudioClipStreamer is done sending data in pushAudio() calls, it sends a pushCompleted()
to indicate successful completion, or a pushFailure() to indicate a failure which has
prevented the streaming from completing. PushAudio() returns a boolean "continue" flag,
which, if returned as false, indicates that the consumer no longer wants to continue
receiving audio data. In this case, the stream stops pushing data immediately, with no call
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to pushCompleted() or pushFailure() necessary.

5.10.1.1.6 CheckForAbandonedHARTask (Class)

This class is a timer task that is executed periodically by a timer. When the run method in
this class is called, it calls the HARFactorylmpl's checkForAbandonedResources() method,
which causes the factory to evaluate each HAR in the factory and issue an abandoned
resource event for any HARs which have a controlling op center with no users logged in.

5.10.1.1.7 CommandQueue (Class)

The CommandQueue class provides a queue for QueueableCommand objects. The
CommandQueue has a thread that it uses to process each QueueableCommand in a first in
first out order. As each command object is pulled off the queue by the CommandQueue's
thread, the command object's execute method is called, at which time the command
performs its intended task.

5.10.1.1.8 CommandStatus (Class)

The CommandStatus CORBA interface is used to allow a calling process to be notified of
the progress of a long-running asynchronous operation. This is normally used when field
communications are involved to complete a method call. The most common use is to allow
a GUI to show the user the progress of an operation. It can also be used and watched by a
server process when it needs to call on another server process to complete an operation.
The long running operation typically calls back to the CommandStatus object periodically
as the command is being executed, to provide in-progress status information, and it always
makes a final call to the CommandStatus when the operation has completed. The final call
to the CommandStatus from the long running operation indicates the success or failure of
the command.

5.10.1.1.9 CommEnabled (Class)

The CommEnabled interface is implemented by objects that can be taken offline, put
online, or put in maintenance mode through a standard interface. These states typically
apply only to field devices. When a device is taken offline, it is no longer available for use
through the system and automated polling (if any) is halted. When put online, a device is
again available for use by TrafficEvents within the system and automated polling is enabled
(if applicable). When put in maintenance mode a device is offline (i.e., cannot be used by
TrafficEvents), and maintenance commands appropriate for the particular type of device are
allowed to help in troubleshooting.

5.10.1.1.10DBConnectionManager (Class)

This class implements a database connection manager that manages a pool of database
connections. Any CHART II system thread requiring database access gets a database
connection from the pool of connections maintained by this manager class. The connections
are maintained in two separate lists namely, inUseList and freeList. The inUseList contains
connections that have already been assigned to a thread. The freeList contains unassigned
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connections. This class assumes that an appropriate JDBC driver has been loaded either by
using the "jdbc.drivers" system property or by loading it explicitly. The class has a monitor
thread that is started by the constructor. This connection monitor thread periodically checks
the inuseList to see if there are connections that are owned by dead threads and move such
connections to the freeList. The connection monitor thread is started only if a non-zero
value is specified for the monitoring time interval in the constructor.

5.10.1.1.11GeoLocatable (Class)

This interface is implemented by objects that can provide location information to their
users.

5.10.1.1.12HAR (Class)

This class is used to represent a Highway Advisory Radio (HAR) device. A HAR is used to
broadcast traffic related information over a localized radio transmitter, making the
information available to the traveler. This interface contains methods for getting and
setting configuration, getting status, changing communications modes of a HAR, and
manipulating and monitoring the HAR in maintenance and online modes.

5.10.1.1.13HARControlDB (Class)

This class contains all the database interaction for the HARControlModule. This class
provides the ability to retrieve all HAR information on initialization, update of the
configuration and status information, and insert or remove a HAR device from the system.

5.10.1.1.14HARControlModule (Class)

This class implements the ServiceApplicationModule interface, providing a platform for
publishing HAR objects and the HARFactory object within a service application. This
class is the controlling class for the HAR module, providing for the initialization and
overall operation of the module. This class creates and starts the timer tasks necessary for
refreshing datestamps on the HAR, checking for abandoned shared resources, and recovery
processing.

5.10.1.1.15HARControlModuleProperties (Class)

This class contains settings from a properties file used to specify parameters to be used by
objects within the HARControlModule for the current instance of the application. These
settings are read during the module initialization. The module must be restarted to apply
any changes made to the properties file.

5.10.1.1.16HARData (Class)

This class is used to store and persist data pertaining to a HAR which is not part of the
HARStatus (i.e., not transmitted to clients in status updates or at any other time).
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5.10.1.1.17HARDeviceConfig (Class)

HARDeviceConfig is a union which can contain the configuration for a ISS AP55 HAR, a
HIS DR1500 HAR, or a Synchronizable HAR (a "virtual" HAR representing a collection of
synchronized HARs). In R2B3 only DR1500 HARs are synchronizable.

5.10.1.1.18HARFactory (Class)

This CORBA interface allows new HAR objects to be added to the system. It also allows a
requester to acquire a list of HAR objects under the domain of the specific HARFactory
object.

5.10.1.1.19HARFactorylmpl (Class)

This class implements the HARFactory interface as defined by the IDL specified in the
System Interfaces section. This class maintains the HAR objects served by this HAR
service.

5.10.1.1.20HARImpl (Class)

This class implements HAR as defined by IDL specified in the System Interfaces section.
Since there is only one model of HAR currently envisioned for CHART II, this HARImpl
class is implementing the ISS AP55 HAR specifically.

5.10.1.1.21HARMessageNotifier (Class)

The HARMessageNotifier class specifies an interface to be implemented by devices that
can be used to notify the traveler to tune in to a radio station to hear a traffic message being
broadcast by a HAR. A HARMessageNotifier is directional and allows users of the device
to better determine if activation of the device is warranted for the message being broadcast
by the HAR. This interface can be implemented by SHAZAM devices and by DMS
devices which are allowed to provide a SHAZAM-like message.

5.10.1.1.22HARMsgNotifierWrapper (Class)

This wrapper class is used to wrap HAR message notifiers associated with a HAR. This
class handles finding the reference of the notifier object given only the object's ID. The
object discovery is done at the point of first use or if a currently held reference produces a
CORBA failure when used.

5.10.1.1.23HARProtocolHdIr (Class)

The HARProtocolHdIr implements is the base class to implement the commands which will
actually be sent to the HAR..

5.10.1.1.24HARRecoveryTimerTask (Class)

This Timer Task runs on a regular basis (on the order of every 15-30 seconds) during the
life of the process. During normal operations, this task's sole purpose is to write a
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timestamp to a file each time it is called. This timestamp file serves to provide, to an
approximation as accurate as its frequency of invocation, when the HARService last went
down, an essential piece of information for recovery during HARService startup. When the
HARService has recently started up, this Task, in addition to maintaining an up-to-date
timestamp in the timestamp file, also calls a method in the Factory (checkHARRecovery)
which requests all HAR objects to check and see if their recovery period has expired. (The
recovery period is a system-wide constant, on the order of 10-15 minutes.) Each HAR
terminates its recovery period as soon as all its TrafficEvents are resolved, or when the
message queue is modified through an addEntry or changePriority call, or, if neither of
those cases happens, at the end of the recovery period timer. (When all HARs have
terminated their recovery period, checkHARRecovery is no longer called.)

When each HAR checks its own recovery time, if it finds that it has just now exceeded the
recovery period, it calls its MessageQueue to take one last try at resolving traffic events on
its queue, then the HAR makes final a determination as to what message (or blank) belongs
on the sign, and it requests the HAR to set its message appropriately (either to the
message(s) at the top of the queue, or to the default message, if no messages are queued.

5.10.1.1.25HARSIotManager (Class)

This class manages the slot usage for the HARImpl. When a clip is to be stored in the HAR
controller, this class is called instead of calling the ISSAP55SHARProtocolHdlr directly.
This class ensures the reserved slot numbers (default header, default trailer, default
message, immediate message slots) are not overlaid with other clips stored in the controller.
When clips are stored in slots in the controller, this class keeps track of the run time for
each and the total run time for the device and provides an error when the storage of a clip
exceeds the configured available run time of the device.

This class also manages the condition when multiple slots are needed for the current
(immediate) message. This will be true any time multiple messages are combined into one
message on the HAR (up to the maximum play time for a combined message). A HAR has
many immediate slots available for cases such as this.

5.10.1.1.26HARStatus (Class)

This class (struct) contains data that indicates the current status of a HAR device. The data
contained in this class is that status information which can be transmitted from the HAR to
the client as necessary. This struct is also used to within the HAR Service to transmit data
to/from the HARControlDB database interface class. (The HAR implementation also
contains other private status data elements which are not elements of this class.)

5.10.1.1.27java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.
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5.10.1.1.28java.util. TimerTask (Class)

This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.10.1.1.29MessageQueue (Class)

This class represents a message queue object. It will provide the ability to add, remove, and
reprioritize traffic event entries in a prioritized list.

5.10.1.1.30MuxWaitSem (Class)

This object is used block execution of a thread while it is running multiple long running
commands which need to be waited on. This class watches the SyncCommandStatus of
each command and releases control back to the main thread when all "child" long-running
processes have completed their respective CommandStatus object.

5.10.1.1.31NoSpaceAvailableException (Class)

This exception is thrown by the HARSIotManager when there is not enough room in the
HAR to store the desired message as requested. This exception is local to the HAR service
only. If the exception needs to propagate out to a user (GUI), it is converted to a
CHART2Exception first. The distinction is required within the HAR service since a
NoSpaceAvailableException is not to be considered a failure of the device or the
communications.

5.10.1.1.32NotifierTfcEvtList (Class)

This class is used to keep track of the relationships between HAR notifiers, and the traffic
events which are requesting that they be activated. One traffic event is chosen to be the
primary one, and is used as part of the ArbQueueEntryIndicator stored within this class.
The m_primeEntry and m_tfcEvents are used as parameters to activate and/or modify the
HAR notice on the notifier.

5.10.1.1.33PushEventSupplier (Class)

This class provides a utility for application modules that push events on an event channel.
The user of this class can pass a reference to the event channel factory to this object. The
constructor will create a channel in the factory. The push method is used to push data on
the event channel. The push method is able to detect if the event channel or its associated
objects have crashed. When this occurs, a flag is set, causing the push method to attempt to
reconnect the next time push is called. To avoid a supplier with a heavy supply load from
causing reconnect attempts to occur too frequently, a maximum reconnect interval is used.
This interval specifies the quickest reconnect interval that can be used. The push method
uses this interval and the current time to determine if a reconnect should be attempted, thus
reconnects can be throttled independently of a supplier's push rate.
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5.10.1.1.34QueueableCommand (Class)

A QueueableCommand is an interface used to represent a command that can be placed on a
CommandQueue for asynchronous execution. Derived classes implement the execute
method to specify the actions taken by the command when it is executed. This interface
must be implemented by any device command in order that it may be queued on a
CommandQueue. The CommandQueue driver calls the execute method to execute a
command in the queue and a call to the interrupted method is made when a
CommandQueue is shut down.

5.10.1.1.35RefreshDateStampsTask (Class)

This class is a timer task that is executed periodically by a timer. When executed, the run
method of this class calls the HARFactorylmpl's checkDateTimeFieldUpdates(), which in
turn calls each HAR in the factory to have it determine if it needs to update any field
messages that use datestamp fields. These messages are reconverted to voice, and the
datestamp tag, in the format "<DATESTAMP>" is replaced by text words for the day of
week, month, and day of month (e.g. "Wednesday, July 14"). The reconverted messages
are then queued to be resent to the HAR.

5.10.1.1.36ServiceApplication (Class)

This interface is implemented by objects that can provide the basic services needed by a
ChartlI service application. These services include providing access to basic CORBA
objects that are needed by service applications, such as the ORB, POA, Trader, and Event
Service.

5.10.1.1.37Service ApplicationModule (Class)

This interface is implemented by modules that serve CORBA objects. Implementing
classes are notified when their host service is initialized and when it is shutdown. The
implementing class can use these notifications along with the services provided by the
invoking Service Application to perform actions such as object creation and publication.

5.10.1.1.38SharedResource (Class)

The SharedResource interface is implemented by any object that may have an operations
center responsible for the disposition of the resource while the resource is in use.

5.10.1.1.39SharedResourceManager (Class)

The SharedResourceManager interface is implemented by classes that manage shared
resources. Implementing classes must be able to provide a list of all shared resources under
their management. Implementing classes must also be able to tell others if there are any
resources under its management that are controlled by a given operations center. The
shared resource manager is also responsible for periodically monitoring its shared resources
to detect if the operations center controlling a resource doesn't have at least one user logged
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into the system. When this condition is detected, the shared resource manager must push an
event on the ResourceManagement event channel to notify others of this condition.

5.10.1.1.40SlotClipAudioData (Class)

This class is used to help keep track of and pass around slot data. This class associates a
clip with a particular slot and usage, and with a file name which contains its audio (wav)
data. The fileName is passed to the ISSAP55ProtocolHdlr to store the wav data in the slot.

5.10.1.1.41SyncCommandStatus (Class)

A SyncCommandStatus implements the CommandStatus interface and performs a
notification when it is completed. It is used by the HAR service to track the activity of
HARMessageNotifiers, which may operate asynchronously and provide status later via a
CommandStatus.

5.10.1.1.42Uniquelyldentifiable (Class)

This interface will be implemented by all classes which are to be identifiable within the
system. The identifier must be generated by the IdentifierGenerator to ensure uniqueness.

5.10.1.1.43VoicePort (Class)

A voice port provides access to a port on a telephony board. It provides methods to connect
it to a destination phone number and perform send and receive operations while connected
that result in DTMF or voice being sent across the telephone connection to or from the
device.

5.10.1.1.44VoicePortLocator (Class)

This class provides an implementation of the PortLocator's abstract connectPort() method
that can connect a VoicePort that has been acquired by the PortLocator base class. This
derived class logs information in the comm failure database table relating to connection
problems that may occur. Since this is a telephony port which is much simpler to connect
than, say, a ModemPort, there will be considerably fewer types of errors which can occur
and thus be detected and reported.
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5.10.2 Sequence Diagrams

5.10.2.1 HARControlModule:SetConfiguration (Sequence Diagram)

A user with the appropriate privileges can set the configuration of the HAR. The HAR
must be in maintenance mode when setting the configuration. The command is processed
asynchronously by the CommandQueue. When the command reaches the top of the queue,

the HARImpl's setConfigurationImpl() method is called to do the actual work.
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5.10.2.2 HARControlModule:setConfigurationlmpl (Sequence Diagram)

This method is called by the HARSetConfigCmd when it reaches the top of the
CommandQueue and is executed. This method does the work of updating the configuration
of the HAR. Some configuration elements require communication to the device: the default
header, trailer, and message. if any of these change, the audio data is collected by calling
prepareWavFiles() on each of the default clips changed, then a connected port is acquired
and used to download the new clip data into the HAR. This is accomplished by calling the
HARSIotManager store() method. Any clips which are unable to be stored are set back to
their original values. Because the configuration consists of many separate values that are
set individually on the device, the possibility of partial success exists. When this occurs
warning messages are given back to the user through the command status object and the
configuration is set to reflect the partial success. If any data has ultimately changed, the
new configuration is stored and persisted, and a HARConfigurationChanged event is
pushed.
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5.11INRIXDatalmportModule

5.11.1 Classes

5.11.1.1 INRIXDatalmportModuleClasses (Class Diagram)

This diagram shows the classes that make up the INRIXDatalmportModule.
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Figure 5-195 INRIXDatalmportModuleClasses (Class Diagram)

5.11.1.1.1 AlertFactoryWrapper (Class)

This singleton class provides a wrapper for the Alert Factory that provides automatic
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location of an Alert Factory and automatic re-discovery should the Alert Factory reference
return an error. This class also allows for built-in fault tolerance by automatically failing
over to a "working" Alert Factory without the user of this class being aware that this being
done. In addition, this class defers the discovery of the Alert Factory until its first use, thus
eliminating a start-up dependency for modules that use the Alert Factory.

This class delegates all of its method calls to the system AlertFactory using its currently

known good reference to an AlertFactory. If the current reference returns a CORBA failure

in the delegated call, this class automatically switches to another reference. When there are

no good references (as is true the first time the object is used), this class issues a trader

query to (re)discover the published Alert Factory objects in the system. During a method

call, the trader will be queried at most one time and under normal circumstances, not at all.
5.11.1.1.2 CommandQueue (Class)

The CommandQueue class provides a queue for QueueableCommand objects. The
CommandQueue has a thread that it uses to process each QueueableCommand in a first in
first out order. As each command object is pulled off the queue by the CommandQueue's
thread, the command object's execute method is called, at which time the command
performs its intended task.

5.11.1.1.3 DatalmporiTimerTask (Class)

The TimerTask that is scheduled for periodic execution in order to import the latest data
from the INRIX service.

5.11.1.1.4 DiscoverIiNRIXLinkDataConsumersCmd (Class)
5.11.1.1.5 ExternalSystemConnection (Class)

This interface defines external connections and provides status reporting.

5.11.1.1.6 ExternalSystemConnectionConfig (Class)

This struct defines a connection to an external system.

5.11.1.1.7 ExternalSystemConnectionStatus (Class)

This struct is used to report status for an ExternalSystemConnection.

5.11.1.1.8 INRIXDatalmportModule (Class)

The service application module that provides INRIX data import functionality.

5.11.1.1.9 INRIXDatalmportModuleProperties (Class)

This class provides convenience methods for getting the values of INRIX data import
modules configuration properties.
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5.11.1.1.10INRIXImportResults (Class)

This class is used to store information from the ingestion of INRIX link data. It stores
errors encountered and link data.

5.11.1.1.11INRIXLinkDataManager (Class)

This class manages the current INRIXLinkData and provides access to it via the
INRIXLinkDataProvider CORBA interface.

5.11.1.1.12INRIXLinkDataParseHandler (Class)

A SAX style parse handler that is used during the parse of the incoming INRIX XML
document to create an INRIXLinkData structure for use by the application.

5.11.1.1.13INRIXSystemConnectionimpl (Class)

This class provides the implementation of the CORBA ExternalSystemConnection interface
that represents the INRIX data connection. It is responsible for maintaining the connection
status, pushing connection status events when the status changes and sending external
connection related events and notifications.

5.11.1.1.14java.util.Timer (Class)

This class provides asynchronous execution of tasks that are scheduled for one-time or
recurring execution.

5.11.1.1.15java.util. TimerTask (Class)
This class is an abstract base class which can be scheduled with a timer to be executed one
or more times.

5.11.1.1.16javax.xml.parsers.SAXParser (Class)

This class is used to perform a SAX parse of XML data.

5.11.1.1.17LinkData (Class)
This class contains the latest LinkRawData along with a timestamp that indicates when it
was obtained by the CHART system.

5.11.1.1.18LinkDataConsumer (Class)
This CORBA interface defines the methods that a consumer of INRIX link data must
implement in order to be updated when data changes.

5.11.1.1.19LinkDataProvider (Class)

This CORBA interface defines the methods tha